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MEMORANDUM  OF  THE  SUBCOMMITTEE  CHAIRMAN 

To  Members  of  the  Senate  Committee  on  Interior  and  Insular  Affairs : 

At  the  request  of  Senator  Lee  Metcalf  and  Senator  James  Abourezk, 
I  have  ordered  to  be  printed  a  report  authored  by  staff  of  the  Con- 
gressional Research  Service  of  the  Library  of  Congress.  The  report 
addresses  the  man}'  and  diverse  issues  which  surround  the  water  re- 
sources of  the  Missouri  River  Basin.  Energy  and  agriculture  develop- 
ment, municipal,  environmental,  and  transportation  needs  will  con- 
tinue to  make  demands  upon  the  water  resources  of  this  river  basin. 
In  my  judgment,  this  study  adds  a  valuable  perspective  to  the  many 
questions  relating  to  resource  development  in  this  area  of  the  country. 
In  addition,  and  most  importantly.  Senator  Metcalf  and  Senator 
Abourezk  include  in  their  letter  to  the  Subcommittee  a  list  of  recom- 
mendations with  respect  to  the  various  issue  areas.  The  letter  from 
the  Senators  is  also  reproduced  in  this  report. 

Frank  Church,  Chairman, 
Subcommittee  on  Energy  Research 

and  Water  Resources. 

(in) 


LETTER  FROM  SENATORS  METCALF  AND  ABOUREZK 

U.S.  Senate, 
Committee  on  Interior  and  Insular  Affairs, 

Washington,  D.C.,  December  7, 1976. 
Hon.  Frank  Church, 
U.S.  Senate, 
Washington,  D.C. 

Dear  Senator  Church  :  As  you  know,  we  have  been  concerned 
about  the  water  resources  of  the  Missouri  River  Basin.  During  the 
second  session  of  the  94th  Congress,  public  hearings  were  conducted 
before  vour  Subcommittee  on  Energy  Research  and  Water  Resources 
to  investigate  a  water  marketing  agreement  by  which  water  slated  for 
agricultural  development  would  be  sold,  on  an  "interim"  basis,  to 
entities  interested  in  energy  development.  During  the  course  of 
those  hearings,  it  became  obvious  that  considerable  disagreement  exists 
with  respect  to  the  data  available  about  water  resources  of  the  Mis- 
souri River  Basin.  In  light  of  the  discrepancies  which  exist  we  re- 
quested that  the  Congressional  Research  Service  prepare  an  analysis 
of  the  water  resource  issues  involving  the  Missouri  River  Basin. 
Submitted  with  this  letter  is  the  completed  CRS  study.  The  study  was 
written  by  Dr.  Warren  Viessman,  Senior  Specialist  in  Engineering 
and  Public  Works,  Dr.  Allen  E.  Agnew,  Senior  Specialist  in  Mining 
and  Mineral  Resources,  Mr.  Christopher  K.  Caudill,  Research  Assist- 
ant and  Mr.  Howard  A.  Brown,  Analyst.  We  are  indebted  to  these 
gentlemen  for  the  work  they  have  done  in  preparation  of  this  report. 

The  report  summarizes  the  basic  hydrologic  data  of  the  Missouri 
River  Basin,  notes  the  differences  in  hydrologic  estimates  made  by  var- 
ious entities  and  attempts  to  identify  deficiencies  in  data  as  well  as 
critical  water  resources  issues.  This  letter  summarizes  the  findings  of 
the  CRS  report  and  includes  our  own  recommendations  which  are 
based  upon  the  information  in  the  report  and  our  understanding  of  the 
situation. 

I.  With  respect  to  the  basic  hydrologic  data  about  surface  water  and 
ground  water  resources  the  following  information  is  given  in  the 
report : 

surface  water  resources 

All  eight  subbasins  of  the  Missouri  River  Basin  show  a  surplus  of 
water  in  the  year  2000  while  satisfying  projected  streamflow  depletions 
under  "average"  conditions.  If  instream  flow  allocations  are  imposed, 
all  subbasins  with  the  exception  of  two,  show  some  level  of  deficiency. 
On  the  basis  of  flows  expected  about  10  percent  of  the  time  (that  is, 
flow  variability  expected  about  one  year  in  ten),  several  subbasins 
would  be  either  deficient  or  close  to  it  if  all  projected  depletions  oc- 
curred even  without  the  imposition  of  instream  flow  requirements. 
With  the  imposition  of  instream  flow  requirements,  all  subbasins  would 
be  deficient.  For  annual  flows  occurring  with  other  frequencies,  the  sit- 
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uation  would  vary  accordingly.  Of  importance  is  the  fact  that  for 
years  with  flows  significantly  below  average,  several  subbasins  appear 
headed  for  serious  periodic  water  problems  by  the  year  2000  even  if 
instream  flow  requirements  are  not  imposed.  If  a  decision  is  made  to 
allocate  water  for  instream  use,  tradeoffs  of  some  consequence  will 
have  to  be  made.  Montana  has  given  legal  standing  under  State  water 
law  for  instream  nonconsumptive  uses  and  filings  can  and  are  being 
made  on  instream  flows  for  environmental  purposes. 

A  practical  limit  of  depletions  in  the  upper  basin  (above  Sioux  City, 
Iowa)  has  been  tentatively  set  at  9.9  maf  per  year  above  the  1970  level 
of  development  (the  1970  level  was  6.53  maf) .  This  would  amount  to  a 
total  depletion  in  the  upper  basin  of  about  16.4  maf.  Even  if  this  limit 
were  reached  (all  current  projections  are  below  this),  there  could 
still  be  partial  service  to  navigation,  a  viable  hydropower  generating 
facility,  and  the  maintenance  of  minimum  flows  of  6,000  cubic  feet  per 
second  throughout  a  ten  year  drought  similar  to  that  experienced  in 
the  1930?s. 

Various  estimates  of  future  streamnow  depletions  above  Sioux  City 
have  been  made.  The  Bureau  of  Reclamation  estimate  for  the  year 
2000  is  about  10  maf  or  about  6.4  maf  less  than  the  designated  practical 
limit  of  development  of  16.4  maf.  Other  estimates  range  from  this 
low  to  a  maximum  of  13.5  maf,  or  about  7.0  maf  above  the  1970  level 
of  development.  The  latter  value  was  based  on  localized  regional  and 
State  viewpoints  (State-regional  futures)  and  reflects  a  strong  bias 
toward  expanded  irrigated  agriculture.  The  wide  range  in  estimated 
depletions  of  3.5  maf  supports  the  need  for  careful  evaluation  of  fu- 
ture water  use  and  suggests  that  a  greater  degree  of  coordination  be- 
tween Federal  and  State  planning  programs  might  be  useful  in  nar- 
rowing differences. 

At  the  1975  level  of  development,  the  major  depleting  use  of  water 
in  the  Missouri  River  Basin  was  irrigated  agriculture  (about  78  per- 
cent), followed  by  evaporation  from  man-made  reservoirs  (about  15 
percent).  All  other  depletions  totaled  about  7  percent  with  those  from 
domestic  use  and  manufacturing  and  minerals  production  each  rep- 
resenting about  1.5  percent.  Projections  to  the  year  2000  do  not  indi- 
cate any  significant  change  in  this  distribution. 

Irrigated  agriculture  is.  and  will  continue  to  be,  the  major  user 
of  the  basin's  water  resources.  Measures  taken  to  conserve  or  reduce 
water  use  in  that  sector  will  have  greater  impact  than  similar  efforts 
relative  to  any  other  water  use. 

Recommendations. — 1.  A  higher  degree  of  planning  coordination 
and  communication  at  State  and  regional  levels  should  be  sought  to 
narrow  differences  in  projections  of  future  water  use.  The  WRC  could 
facilitate  this  through  its  River  Basin  Commissions  and  Title  III 
grants  to  States  program. 

GROUNDWATER 

Detailed  information  on  the  groundwater  resources  of  the  Missouri 
River  Basin  has  been  obtained  for  some  locations  but  in  many  areas 
only  a  limited  knowledge  of  the  resource  exists.  More  information  on 
the  extent  and  quality  of  groundwater  systems  is  needed.  The  fact  that 
groundwater  and  surface-water  sources  are  often  interconnected  am- 
plifies the  urgency  for  adequate  quantification. 
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Recommendations. — 1.  Data  collection  geared  to  identify  surface 
water-ground  water  linkages  so  conjunctive  use  systems  can  be  included 
as  viable  alternatives  in  water  resources  development  and  management 
plans  should  be  implemented  and/or  accelerated. 

II.  Major  water  resource  issues  in  the  Missouri  Kiver  Basin  are: 

INDUSTRIAL   WATER   MARKETING 

The  issue  of  marketing  water  from  the  main  stem  reservoirs  is  one 
of  concern  over  the  authority  of  an  agency  of  the  Federal  Govern- 
ment to  act  as  a  marketing  agent,  and  State  versus  Federal  water 
rights.  The  water  under  consideration  is  ultimately  scheduled  for 
agricultural  use  at  such  time  as  various  water  development  projects 
are  constructed  or  completed.  In  the  interim,  it  is  contended  that  the 
water  should  be  used  for  other  beneficial  purposes — namely  energy 
development  in  the  Northern  Great  Plains.  Agricultural  interests  are 
concerned  that  industrial  water  contracts,  once  let,  would  set  a  prece- 
dent and  that  the  use  of  the  water  would  not  revert  back  to  agricul- 
ture at  the  appropriate  point  in  time. 

The  authority  of  the  Bureau  of  Reclamation  to  act  as  water  market- 
ing agent  has  been  challenged  but  a  July  22,  1976  decision  by  the 
U.S.  District  Court  in  Montana  (Environmental  Defense  Fund  vs. 
Rogers  C.  B.  Morton,  Civil  Xo.  1220)  appears  to  support  the  premise 
that  this  authority  exists. 

The  amount  of  water  which  can  be  put  to  industrial  purposes  is 
controversial  but  the  Bureau  of  Reclamation  and  Corps  of  Engineers 
contend  that  three  million  acre-feet  of  water  could  be  provided  an- 
nually as  an  assured  supply  while  continuing  to  meet  all  other  antici- 
pated beneficial  requirements. 

The  CRS  report  concludes  that,  on  the  strength  of  the  analyses  made 
in  the  report  and  studies  by  the  Bureau  of  Reclamation  and  Corps 
of  Engineers,  it  appears  the  marketing  of  1  maf  per  year  of  water 
for  industrial  purposes  is  practical  in  the  Upper  Missouri  River  Basin. 
Principal  conflicts  would  be  in  low  flow  years,  particularly  if  in- 
stream  flow  reservations  are  made  and  maintained. 

On  October  4,  1976,  a  block  contract  between  the  Bureau  of  Recla- 
mation and  the  State  of  Montana  involving  300,000  acre-feet  of  water 
from  Fort  Peck  Reservoir  was  signed.  A  similar  document  was  being 
negotiated  with  South  Dakota.  North  Dakota,  on  the  other  hand, 
appears  inclined  to  issue  permits  to  acceptable  industrial  water  ap- 
plicants and  have  them  contract  directly  with  the  Bureau.  The  course 
this  action  is  following  would  result  in  about  1  maf  of  water  being 
allocated  for  industrial  purposes  for  40  years  or  less  from  the  con- 
tracting date. 

Recommendations. — 1.  The  Bureau  of  Reclamation  should  develop  a 
systematic  procedure  for  periodically  publishing  (in  a  formal  man- 
ner) the  details  of  all  applications  for  industrial  water  use  from  the 
main  stem  reservoirs. 

2.  The  Bureau  of  Reclamation  and  the  participating  States  should 
develop  and  publish  definitive  procedures  and  guidelines  for  indus- 
trial water  applicants.  \Ve  cannot  emphasize  enough  the  importance 
of  providing  procedures  by  which  full  disclosure  of  information  re- 
garding possible  industrial  use  of  water  is  made,  and  that  agricultural 
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and  other  local  interests  are  fully  aware  of  the  impacts,  if  any,  which 
industrial  water  use  would  have  on  agriculture  development. 

NAVIGATION 

Barge  tow  transportation  of  farm  products  below  Sioux  City  de- 
pends on  storage  of  water  behind  the  Missouri  River  main  stem  dams. 
From  Corps  of  Engineers  analyses,  the  maximum  navigation  season 
length  of  8  months  will  be  met  about  70  percent  of  the  time  for  total 
annual  depletions  above  Sioux  City  of  about  10  maf  (corresponds  to 
lowest  current  projected  value).  If  depletion  levels  on  the  order  of 
those  specified  by  the  State-Regional  Futures  Analysis  (13.5  maf) 
occur,  a  maximum  season  length  of  8  months  would  prevail  only  about 
54  percent  of  the  time  and  there  would  be  no  navigation  season  about 
15  percent  of  the  time.  The  Bureau  of  Reclamation  and  others  have 
estimated  that  total  depletions  upstream  could  reach  about  16.6  maf 
total  and  still  meet  essential  water  quality  and  municipal  needs  down- 
stream in  the  main  stem  Missouri  River  system.  At  this  practical 
limit  of  depletion,  navigation  and  power  generation  would  be  affected 
significantly  and  only  a  minimum  level  of  power  and  navigation  serv- 
ice could  be  maintained. 

Recommendations. — 1.  Studies  of  the  economic,  social,  and  environ- 
mental impact  of  shortened  or  eliminated  navigation  seasons  should 
be  expedited. 

HYDROELECTRIC    POWER 

Hydroelectric  power  generated  in  the  Missouri  River  Basin  is  cen- 
tered around  the  main  stem  reservoirs  above  Sioux  City.  If  no  further 
capacity  is  installed  (additional  potential  exists) ,  the  amount  of  power 
generated  annually  will  decrease  about  proportionately  to  added 
stream  flow  depletions.  On  the  other  hand,  the  peaking  capacity  of 
the  plants  would  not  be  significantly  altered. 

A  study  by  the  U.S.D.L  Water  for  Energy  Management  Team 
(1975)  shows  an  overall  reduction  in  hydropower  generation  of  about 
13  percent  from  1970  to  2000  with  about  2  percent  of  this  being  at- 
tributed to  coal  development  in  the  Northern  Great  Plains. 

The  Corps  of  Engineers  in  its  main  stem  reservoir  regulation  stud- 
ies considered  four  alternative  futures.  Its  data  show  that  the 
total  reduction  in  hydropower  by  the  year  2000  (below  the  1970  level) 
would  range  from  about  8  percent  to  about  30  percent.  The  reduction 
due  to  coal  development  ranges  from  about  1.8  percent  to  about  3.7 
percent. 

Using  an  average  annual  flow  above  Sioux  City  adjusted  to  the  1970 
level  of  development  of  approximately  21.8  maf,  and  assuming  1  maf 
of  water  to  be  used  for  energy  development  by  the  year  2000,  a  reduc- 
tion in  average  annual  hydropower  from  this  depletion  would  be  about 
4.6  percent.  In  contrast,  a  reduction  in  hydropower  generation  of 
about  11.5  percent  would  result  from  increased  irrigation  depletions 
of  about  2.5  maf  projected  by  the  Bureau  of  Reclamation  (1975).  Ir- 
rigated agriculture  is  the  major  water  user  in  the  Unner  Missouri 
River  Basin  and  reduced  water  use  in  that  sector  could  improve  the 
future  outlook  for  hydroelectric  potential. 
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Recommendations. — 1.  Future  water  resource  development  should 
incorporate  conservation  measures  to  the  maximum  degree  practical 
so  as  to  reduce  depletions  and  lessen  adverse  impacts  on  hydroelectric 
generation  and  other  instream  flow  uses. 

2.  Water  depleting  developments  in  the  upper  reaches  of  the  Missouri 
River  would  have  a  more  serious  effect  on  hydroelectric  power  genera- 
tion than  similar  developments  downstream,  because  of  the  reuse  of 
water  from  upstream  dams,  such  as  Fort  Peck,  for  hydroelectric  pur- 
poses. Future  plans  should  take  that  factor  into  consideration. 

IRRIGATED    AGRICULTURE 

Irrigation  is  the  largest  single  use  of  water  in  the  Missouri  River 
Basin.  Year  2000  estimates  of  depletions  by  irrigated  agriculture  range 
from  about  14  maf  per  year  to  approxmately  23  maf  per  year  or  from 
about  70  to  80  percent  of  the  total  depletions  in  the  basin  (U.S.D.I. 
Missouri  River  Basin  Planning  Office).  In  contrast,  even  the  most 
extreme  estimates  of  streamflow  depletions  from  energy  resource  de- 
velopment constitute  less  than  5  percent  of  the  total. 

Because  of  the  large  quantites  of  water  used  by  agriculture  it  is 
important  to  evaluate  the  potential  for  practices  which  can  reduce  the 
quantity  of  water  required  for  a  given  level  of  output.  The  potential 
for  water  conservation  in  the  Missouri  River  Basin  appears  to  be 
significant. 

A  reduction  of  10  percent  in  irrigation  water  requirements  in  the 
year  2000  is  technically  feasible.  For  the  Missouri  River  Basin  this 
could  amount  to  savings  of  about  1A  to  2.3  maf  annually  without 
adverse  impact  on  crop  yield  for  currently  projected  levels  of  irri- 
gated acreage.  A  reduction  of  even  1  maf  would  be  significant  (about 
the  level  of  water  use  projected  for  energy  development  from  the 
main  stem  reservoirs) . 

Recommendations. — 1.  Planning  and  development  processes  should 
be  designed  to  incorporate  and  emphasize  evaluation  of  conservation 
practice  alternatives. 

2.  A  high  priority  should  be  assigned  studies  of  the  efficacy  of  con- 
servation practices  or  technological  change  for  reducing  irrigation 
water  requirements  and  the  mechanics  for  implementing  such  changes 
should  be  explored. 

IXSTREAM    FLOWS 

Instream  flow  maintenance  is  intended  to  protect  the  aquatic,  bio- 
logic, benthic.  and  esthetic  values  of  a  stream  and  preserve  the  exist- 
ing fishery.  While  the  concept  has  merit,  the  quantification  of  such 
flows  is  difficult  because  of  the  wide  variety  of  habitats  and  stream- 
flow  conditions  encountered  and  the  lack  of  research  and  data  related 
to  this  issue.  There  is  also  the  conflict  with  prior  filings  on  water 
which  in  many  streams  are  already  greater  than  natural  flows  can 
supply  in  dry  periods. 

Although  current  (1976)  estimates  of  instream  flow  needs  are  crude, 
their  magnitude  suggests  substantial  conflict  with  other  uses,  notably 
irrigation  and  enersry  resource  development.  In  general,  the  amount 
of  water  available  for  storage  or  for  new  use  will  be  reduced  by  about 
30  to  60  percent  for  any  one  selected  storage  volume  and  location  if 


designated  instream  flow  rates  are  adhered  to.  Such  requirements 
might  well  be  the  most  critical  water  development  issue  in  the  basin. 
Recommendations. — 1.  A  high  priority  should  be  given  to  the  sup- 
port of  research  to  refine  and  produce  reasonable  estimates  of  the 
quantities  of  water  needed  to  satisfy  instream  flow  requirements  on 
an  annual,  seasonal  and  regional  basis. 

2.  Data  needs  for  determining  instream  flow  requirements  need  bet- 
ter definition  and  programs  to  secure  such  data  should  be  facilitated. 

3.  A  cooperative  and  coordinated  effort  by  all  interested  State  and 
Federal  agencies  to  reach  agreement  on  appropriate  instream  flow 
levels  and  tradeoffs  which  will  have  to  be  made  to  achieve  these  is 
needed  in  light  of  the  cross-purposes  of  many  of  these  factors.  WRC 
might  play  a  major  role  in  this. 

IXDIAX    WATER    RIGHTS 

The  competition  between  Indian  and  non-Inclian  water  rights  poses 
some  extraordinary  problems.  Most  Indian  reservations  predate  exten- 
sive water  development  projects  in  the  western  U.S.  although  the  use 
of  water  in  significant  quantities  by  the  Indians  has  generally  devel- 
oped only  in  recent  years. 

Resource  potentials  of  Indian  reservations  in  the  Upper  Missouri 
River  Basin  are  enormous.  There  are  23  reservations  wholly  or  partly 
in  the  basin  encompassing  over  12  million  acres  or  about  3.6  percent  of 
the  region's  area.  Most  Indian  lands  are  underlaid  with  large  reserves 
of  coal  and  other  valuable  minerals  and  many  have  outstanding  recre- 
ation features  and  contain  large  areas  suitable  for  agricultural  devel- 
opment. Preliminary  surveys  indicate  that  Indian  water  requirements 
may  constitute  a  significant  portion  of  the  annual  flows  in  the  Mis- 
souri River  and  its  tributaries.  For  example,  the  U.S. D.I.  Water  for 
Energy  Management  Plan  has  estimated  that  in  the  States  of  Montana 
and  Wyoming,  Indian  water  requirements  in  the  Yellowstone  sub- 
basin  and  the  Upper  Missouri  above  the  confluence  of  the  Yellowstone 
River  could  reach  an  annual  level  of  2.6  million  acre-feet  of  consump- 
tive use  by  the  year  2020. 

The  tribes  are  concerned  that  water  used  for  energy  development 
will  adversely  affect  their  water  rights  and  lead  to  depletions  of  sup- 
plies critical  for  sustaining  future  economic  developments  on  their 
reservations.  They  are  looking  for  assurances  that  their  water  require- 
ments will  be  properly  accounted  for  in  all  planning  scenarios. 

Rational  water  planning  in  the  Missouri  River  Basin  is  dependent 
upon  quantification  of  all  existing  and  proposed  water  uses.  Current 
studies  of  future  water  uses  in  the  Missouri  River  Basin  have  ad- 
dressed the  issue  to  greater  or  lesser  degrees  but  the  fact  remains  that 
the  quantities  involved  are  generally  unknown  or  in  dispute.  Until 
this  matter  is  resolved,  estimates  of  future  streamflow  depletions  will 
be  biased  accordingly,  and  decisions  on  tradeoffs  with  other  users  will 
be  clouded. 

Recommendations. — 1.  The  quantification  of  Indian  water  require- 
ments for  both  short-  and  long-range  planning  horizons  is  urgently 
needed  and  should  be  given  high  priority.  Congress  should  appropriate 
funds  to  support  this  process  and  related  litigation. 
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2.  Prior  to  the  authorization  of  any  non-Indian  water  resource  proj- 
ect, a  final  adjudication  should  be  made  of  all  Indian  water  rights 
which  when  exercised  could  substantially  affect  the  water  supply  for 
the  project. 

3.  Future  water  resources  plans  involving  Federal  funds  should  re- 
quire a  separate  accounting  of  water  projected  for  Indian  use  so  that 
this  projection  can  be  readily  compared  with  claims  of  the  tribes 
involved. 

RESERVED    RIGHTS    OF    FEDERAL    LAXDS 

As  with  Indian  water  rights,  Federal  reserved  rights  can  be  merged 
with  prior  appropriation  rights  under  State  law  by  assigning  the 
reserved  rights  a  priority  date  as  of  the  date  of  the  reservation.  Al- 
though uses  of  Federal  lands  such  as  mineral  leasing  could  have  large 
water  consumption  requirements,  uses  such  as  recreation  and  fish  and 
wildlife  would  primarily  exert  only  instream  requirements.  As  such, 
the  impact  of  the  exercise  of  Federal  reserved  rights  might  fall 
primarily  on  upstream  users. 

The  issue  of  Federal  reserved  water  rights  is  of  considerable  signifi- 
cance in  the  Missouri  River  Basin  because  much  of  the  basin's  water 
originates  on  national  forest  and  national  park  lands.  The  Public 
Land  Law  Review  Commission  (1970)  estimated  that  G6  percent  of 
the  average  annual  water  yield  in  the  Missouri  River  Basin  is  con- 
tributed by  Federal  lands  (p.  147,  Montana,  "Wyoming  and  Colorado 
only). 

As  with  Indian  water  rights,  adjudication  of  Federal  reserved 
rights  has  been  minor. 

Recommendations. — 1.  Congress  should  consider  direct  action  to  re- 
solve the  issue  of  quantification  of  water  requirements  of  lands  re- 
served from  the  public  domain.  If  Congressional  action  is  not  taken,  it 
is  likely  that  the  problem  will  be  resolved  only  through  an  indetermi- 
nable number  of  suits  at  great  expense  of  time  and  funds. 

WEATHER    MODIFICATION 

Studies  by  the  Bureau  of  Reclamation  in  1973  indicate  a  potential 
increaso  in  water  supply  from  operational  weather  modification  of  as 
much  as  1.8  million  acre-feet  of  new  water  annually  to  the  Missouri 
River  Basin.  In  the  Yellowstone  subbasin,  the  estimated  potential  is 
536,000  acre-feet  per  year.  An  increase  in  water  supply  on  this  order 
of  magnitude  would  offset  projected  water  depletions  from  energy 
resource  development  and  ease  the  burden  on  expanded  irrigation 
development. 

Recommendations.— I.  Studies  of  the  sociological,  legal,  and  en- 
vironmental implications  of  weather  modification  should  be  ac- 
celerated and  appropriately  funded. 

2.  Technical  aspects  of  weather  modification  need  additional  re- 
search and  appropriate  agencies  such  as  the  Bureau  of  Reclamation, 
National  Science  Foundation  and  the  Office  of  Water  Research  and 
Technology  should  be  provided  the  funds  necessary  to  facilitate  this 
research. 
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WATER   QUALITY 


Water  quality  problems  in  the  Missouri  River  Basin  relate  to  both 
surface  and  ground  waters.  The  fate  of  farm  chemicals  and  fertilizers 
is  considered  an  important  problem  by  most  States.  Other  water  qual- 
ity problems  relate  to  erosion,  sediments,  logging  operations,  cattle 
grazing  and  coal  and  other  mining  operations.  To  meet  the  require- 
ments of  P.L.  92-500,  there  is  need  for  information  on  the  use  of 
sewage  effluent  for  crop  irrigation,  and  for  land  disposal  of  both 
urban  and  agricultural  (livestock)  organic  waste  residues. 

Recommendations. — 1.  Research  on  the  fate  and  control  of  pol- 
lutants related  to  the  use  of  agricultural  lands  should  be  accelerated. 
Emphasis  should  be  placed  on  the  development  of  practical  and  en- 
forceable methods  of  control. 

BASIC   DATA 

The  period  of  record,  nature  of  adjustments,  quality  of  the  data  base, 
drainage  basin  boundary  configuration  and  other  aspects  of  definitive 
data  related  to  evaluation  of  the  current  state  of  the  water  resource 
should  be  made  clear  to  those  using  planning  studies  based  on  these 
data. 

Recommendations. — 1.  Drainage  basin  boundary  configurations  used 
in  all  federally  supported  studies  should  be  agreed  upon  and 
standardized. 

2.  The  period  of  record  used,  the  quality  and  source  of  the  data, 
and  the  nature  of  adjustments  made  in  hydrologic  data  (precipitation, 
streamflow,  etc.)  should  be  clearly  stated  in  all  planning  reports. 

ALTERNATIVE   FUTURES  PLANNING 

The  studies  of  the  Missouri  River  Basin  reviewed  in  this  report  have 
one  thread  in  common — they  all  assume  a  particular  future.  For  ex- 
ample, the  1975  Assessment  being  developed  by  the  Water  Resources 
Council  focuses  on  a  Modified  Central  Case — that  future  deemed  most 
likely  to  occur  by  the  Federal  agency  representatives.  By  analyzing 
this  single  future,  it  is  true  that  useful  insights  to  tradeoffs  between 
water  uses  and  users  and  other  policy  oriented  issues  can  be  gained. 
A  more  informative  approach,  however,  involves  the  evaluation  of 
several  alternative  futures  so  that  the  price  to  be  paid  by  emphasizing 
one  use  over  another  can  be  made  more  explicit  and  the  nature  of 
tradeoffs  more  clearly  defined.  Through  this  mechanism,  better  deci- 
sions regarding  the  direction  of  future  water  resources  development 
should  result. 

It  is  suggested  that  a  display  of  at  least  four  alternative  futures  em- 
phasizing irrigation  development,  energy  resource  development  (in- 
cluding hydropower) ,  instream  flow  needs  and  Indian  water  use  re- 
spectively would  be  most  informative.  For  each  alternative,  the  im- 
pacts of  severnl  levels  of  water  used  by  specific  water  users  could  also 
be  presented.  This  would  expand  the  utility  of  each  alternative  analy- 
sis and  provide  a  better  base  for  policy  determination. 

The  following  example  serves  to  illustrate  the  approach.  Assume 
that  one  alternative  is  to  provide  an  optimal  level  of  instream  flows 
for  fish  and  wildlife  preservation,  navigation  and  hydroelectric  power 
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generation.  Within  this  constraint,  the  remaining  flows  could  then 
be  apportioned  in  several  alternative  ways  to  satisfy  the  other  major 
uses — namely  irrigation,  energy  resource  development  and  municipal 
and  industrial  water  supply.  The  analysis  would  show  the  impact  of 
the  various  tradeoffs  by  each  sector  and  would  provide  the  basis  for  a 
reasonable  compromise.  In  like  manner,  the  instream  flow  optimizing 
alternative  could  be  compared  with  those  stressing  irrigation,  Indian 
water  use  and  energy  resource  development.  The  selection  of  a  policy 
for  future  water  resources  development  should  be  made  less  difficult  in 
this  manner  and  the  implications  of  that  choice  explicit. 

The  projection  of  a  single  future  is  an  inadequate  approach  to 
water  resources  planning.  The  impacts  of  several  alternatives  for  each 
major  water  use  should  be  developed  in  the  context  of  their  relationship 
to  other  uses  so  that  interactions  can  be  displayed  and  tradeoffs  ex- 
plicitly defined. 

Recommendations. — 1.  The  Missouri  River  Basin  Commission  in 
cooperation  with  the  WRC  and  the  affected  States  should  be  instructed 
to  analvze  a  practical  range  of  alternative  futures  for  the  Missouri 
River  Basin.  At  least  four  futures  emphasizing  instream  flow  needs, 
energy  resource  development,  irrigation  development  and  Indian 
water  use  respectively  should  be  studied  and  the  implications  of  these 
clearly  displayed.  Congress  should  appropriate  the  necessary  funds  to 
support  this  study  and  instruct  that  it  be  accomplished  within  a 
minimum  time  frame. 

Very  truly  yours, 

Lee  Metcalf,  U.S.  Senator. 
James  Abourezk,  U.S.  Senator. 
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I.     SUMMARY 

It  is  the  purpose  of  this  report  to:  summarize  the  basic  hydrologic 
data  of  the  Missouri  River  Basin;  point  out  variances  in  hydrologic  estimates 
by  different  authors  or  agencies;  identify  data  gaps  and  weaknesses;  present 
the  available  data  in  a  manner  which  will  permit  its  optimal  use  in  design- 
ing or  evaluating  water  resources  policy;  and  to  identify  those  critical  pro- 
blems and  issues  which  must  be  resolved  if  stable  water  resources  develop- 
ment is  to  be  achieved  in  the  basin. 

A.     The  Missouri  River  Basin 

The  Missouri  River  Basin  is  the  largest  of  the  principal  water  re- 
sources regions  in  the  contiguous  United  States.      It  includes  all  or  part  of 
ten  States  and  ranges  in  climate  from  semi-humid  to  semi -arid.    All  manner 
of  water  problems  and  uses  are  encountered. 

Figure  1-1  shows  the  eight -subba sin  configuration  used  in  the  Mis- 
souri River  Basin  Comprehensive  Framework  Study.  These  subbasins  are 
the  principal  units  dealt  with  in  this  report.  Since  they  have  been  used  or 
partly-used  in  most  other  studies,    comparisons  are  facilitated. 

Figure  1-2  shows  the  location  of  the  six  main  stem  reservoirs  along 
the  Missouri  River  above  Sioux  City,  Iowa.  These  storage  units  provide 
water  for  irrigation,  municipal  and  industrial  use,  and  recreation.  They 
also  supply  hydroelectric  power,  permit  regulation  of  flows  for  downstream 
navigation  and  facilitate  flood  damage  reduction.  One  of  the  issues  addres- 
sed herein  is  the  marketing  of  main  stem  reservoir  water  for  industrial 
purposes. 
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B.     Surface  Water  Resources  of  the  Missouri  River  Basin 
The    surface  water   situation       in      the     Missouri     River     Basin     is 
summarized  in  Tables  1-1  and  1-2.      The  best  available  or  most  reasonable 
estimates  of  average  annual  flows  (calculated  on  the  basis  of  water  use  con- 
ditions  in   1975)   are   compared  with  maximum  estimates  of  streamflow  de- 
pletions   (water   removed   and  not  returned  for  further  use;  normally   eva- 
porated j  used  by  plants  or  Incorporated  in  products)   and  instream  flow  re- 
quirements (minimum  streamflows  needed  to  protect  fish  and  wildlife)   which 
might  be  imposed  between  1975  and  2000. 

Interest  in  preserving  prescribed  levels  of  instream  flow  is  predicated 
on  the  desire  to  protect  aquatic,  biologic  and  esthetic  values.  The  instream 
flow  requirements  reported  herein  are  tentative  and  should  be  accepted 
only  as  rough  and  probably  conservative  indicators  of  magnitude,  but  they 
demonstrate  that  such  requirements  could  be  substantial,  (up  to  50  percent 
or  more  of  the  average  annual  flow)  and  if  met,  serious  conflicts  with  other 
uses  such  as  irrigated  agriculture  would  almost  certainly  result. 

Conclusions  drawn  from  Table  1-1  are  founded  on  the  use  of  average 
annual  flows  and  must  be  accepted  on  that  basis.  While  these  average 
values  are  representative  of  the  long-term  volume  of  water  which  can  be 
generated,  they  do  not  indicate  the  variability  of  natural  flows  from  year 
to  year.  With  a  highly  regulated  stream,  it  would  be  possible  to  approach 
the  average  annual  flow  as  a  safe  or  dependable  yield  but  in  most  river 
basins  this  condition  is  not  met  and  there  are  often  large  variances  in  flows 
from  one  year  to  the  next.  The  Missouri  River  Basin  is  no  exception  and  an- 
nual and  seasonal  variations  should  be  carefully  evaluated  in  planning 
processes. 
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Table  1-1         Missouri  River  Subbasin   Summary  of  Flow  Availability  (1975), 

Projected  Depletions  to  the  Year  2000,   Instream  Flow  Approxima- 
tions and  Surpluses  or  Deficiencies  by  the  Year  2000    1/ 


All  Flows  In  Millions  of  Acre-Feet 


Subbasin 
Name 


(A) 

Approximate 
Average 
Annual  Flow 
At  1975  Level 
of  Develop- 
ment 


(B) 


(C) 


(D) 


(E) 


Projected        Instream  Surplus  (+)      Surplus  (+) 


Maximum 
Depletion 
Levels 
1975-2000 


Flow  Needs 
Approxima- 
tion 


or  Defi- 
ciency 
(-)  at  the 
Year  2000 
without 
Instream 
Flow  Con- 
sideration 
(A-B) 


or  Defi- 
ciency (-) 
at  the  Year 
2000  v/ith 
Instream 
Flow  Con- 
sideration 

(D-C) 


2/ 
Yellowstone 

River 

8.8 

1.3, 

(5. 

3) 

5.3, 

(7. 

0) 

+7.5, 

(+3. 

5) 

+2.2,(- 

-3.5) 

Upper  Missouri 
River  Tributaries 

7.  3 

1.9 

4.7 

+5.4 

+0.7 

Western  Dakota 
Tributaries 

2.1 

1.2 

3/ 

+0.9 

3/ 

Eastern  Dakota 
Tributaries 

2.4 

0.6 

2.4 

+1.8 

-0.6 

Platte  -Niobrara 
Rivers 

3.6 

2.2 

5.1 

+1.4 

-3.  7 

Kansas  River 

4.5 

0.6 

4.8 

+3.9 

-0.9 

Middle  Missouri  3/ 
River  Tributaries 











Lower  Missouri  3/ 
River  Tributaries 

— 







1/  See  Sections  IV  through  XI  for  origin  of  average  annual  flows,  estimated 
depletions  and  instream  flow  approximations 

2j  Numbers  in  parentheses  reflect  estimates  by  the  Montana  Department  of 
Natural  Resources  and  Conservation.  They  are  shown  separately  since 
they  are  substantially  greater  than  any  other  estimates  for  the  Yellow- 
stone River  Basin 


3/    Values  not   given  since  streamflows  in  the  main  stem  Missouri  River  are 
not  representative  of  internal  problems  on  tributaries  in  these  subbasins 
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Table  1-2  Flow  Availability  Ten  Percent  of  the  Time,   Projected  Depletions  to 

the  Year  2000,   Instream  Flow  Approximations  and  Surpluses 
or  Deficiencies  by  the  Year  2000  1/ 

All  Flows  In  Millions  of  Acre -Feet 


Subbasin 

Name 


(A) 

Approximate 
Annual  Flow 
Which  Would 
Not  be  Exceed- 
ed on  the  Aver- 
age of  One  Year 
In  Ten 


(B) 

Projected 

Maximum 

Depletion 

Levels 

1975-2000 


(O 


(D) 


(E) 


Instream  Surplus  (+)      Surplus  (+) 


Flow  Needs 
Approxima- 
tion 


or  Defi- 
ciency 
(-)  at  the 
Year  2000 
without 
Instream 
Flow  Con- 
sideration 
(A-B) 


or  Defi- 
ciency (-) 
at  the  Year 
2000  with 
Instream 
Flow  Con- 
sideration 

(D-C) 


2/ 
Yellowstone 
River 

5.8 

1.3, 

(5. 

3) 

5.3, 

(7. 

0) 

+4.  5, 

(+0. 

5) 

-0.8. (-6. 5) 

Upper  Missouri 
River  Tributaries 

4.4 

1.9 

4.7 

+2.5 

-2.2 

Western  Dakota 
Tributaries 

1.2 

1.2 



»/ 

0.0 

1' 

Eastern  Dakota 
Tributaries 

0.4 

0.6 

2.4 

-0.2 

-2.6 

Platte  -Niobrara 
Rivers 

2.3 

2.2 

5.1 

+0.1 

-5.0 

Kansas  River 

1.7 

O.fi 

4.8 

+1.1 

-3.7 

Middle  Missouri  3/ 
River  Tributaries 

1.6 









Lower  Missouri    3/ 
River  Tributaries 

4.9 









1/    See  Sections  IV  through  XI  for  origin  of  annual  flows,   estimated  depletions 
and  instream  flow  approximations 

2/  Numbers  in  parentheses  reflect  estimates  by  the  Montana  Department  of 
Natural  Resources  and  Conservation.  They  are  shown  separately,  since 
they  are  substantially  greater  than  any  other  estimates  for  the  Yellow- 
stone River  Basin. 


3/    Values  not   given  since  streamflows  in  the  main  stem  Missouri  River  are 
not  representative  of  internal  problems  on  tributaries  in  these  subbasins 
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A  review  of  Table  1-1  shows  that  if  instream  flow  allocations  are 
not  considered,  all  subbasins  would  show  a  surplus  of  water  in  the  year 
2000  while  satisfying  projected  streamflow  depletions.  With  the  imposition 
of  instream  flow  allocations,  the  picture  changes  materially  and  all  sub- 
basins  with  the  exception  of  two  (if  Montana's  estimate  for  the  Yellowstone 
is  disregarded)  show  various  levels  of  deficiency.  Table  1-2  depicts  the 
situation  which  could  be  expected  about  10  percent  of  the  time  (flow  vari- 
ability expected  about  one  year  in  ten).  In  this  case  several  of  the  subbasins 
would  be  either  deficient  or  very  close  to  it  if  all  projected  depletions  were 
imposed  even  without  reservation  of  instream  flows.  With  the  imposition 
of  instream  flow  requirements,  all  of  the  subbasins  would  be  deficient.  For 
annual  flows  occurring  with  other  frequencies,  the  situation  would  vary  ac- 
cordingly. Of  importance  is  the  fact  that  several  subbasins  will  experience 
serious  periodic  water  problems  by  the  year  2000  even  if  instream  require- 
ments are  not  imposed.  If  a  decision  is  made  to  allocate  water  for  such 
use,  tradeoffs  of  some  consequence  will  have  to  be  made.  Note  that  Montana 
has  given  legal  standing  under  State  water  law  for  instream  non- consumptive 
uses  and  filings  can  and  are  being  made  on  instream  flows  for  environmental 
purposes.  Because  Montana's  estimates  of  future  water  use  in  the  Yellow- 
stone River  Basin  are  much  greater  than  all  others,  they  are  shown  in  pa- 
rentheses in  Tables  1-1  and  1-2. 

A  summary  of  findings  for  each  of  the  eight  subbasins  follows. 
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Yellowstone  River 

For  all  projections  except  those  made  by  the  State  of  Montana,  the 
average  annual  water  supply  of  the  Yellowstone  River  Basin  is  adequate  to 
meet  the  anticipated  needs  of  the  basin  to  the  year  2000. 

A  surplus  of  about  2.  7  million  acre-feet  (maf)  in  the  year  2000  is 
indicated  even  if  instream  flows  are  allocated  during  an  average  year.  The 
"average"  year  rarely  occurs,  however,  and  about  once  in  ten  years,  for 
example,  the  annual  flow  is  less  than  or  equal  to  about  5.  8  maf.  On  this 
basis,  a  shortage  of  approximately  0.8  maf  would  occur  if  the  maximum 
reported  instream  flow  use  prevailed.  On  the  basis  of  Montana's  estimate, 
a  deficiency  would  occur  even  during  the  average  year  if  the  full  instream 
flow  requirement  was  imposed. 

Upper  Missouri  River  Tributaries 

During  years  with  flows  near  the  average,  it  appears  that  an  adequate 
supply  of  water  is  available  to  meet  current  projected  water  uses  in  the  Up- 
pper  Missouri  Tributaries  to  the  year  2000.  The  flow  in  this  region  is 
variable  however,  and  as  indicated  in  Table  1-2,  deficits  would  occur  10  per- 
cent of  the  time  or  more  frequently  with  the  imposition  of  instream  flow  re- 
quirements. 

Western  Dakota  Tributaries 

Considering  an  average  annual  available  surface  water  supply  of  about 
2.1  maf,  the  maximum  additional  depletion  projected  from  1975  to  2000  of 
about  1.2  maf  would  deplete  most  of  the  available  water  supply.  The  flow 
variability  in  the  Western  Dakota  Tributaries  is  high,  with  annual  flows  of 
about  25  percent  of  the  average  annual  flow  reported  about  10  percent  of  the 
time  for  many  of  the  tributaries.     This  situation  further  compounds  the  pro- 


1-9 

blem.     Instream  flow  requirements  would  not  be  met  during  critical  periods. 
The  question  of  Indian  water  rights  is  important  in  this   basin  and  could  sig- 
nificantly increase  the  prospects  for  water  supply  problems. 
Eastern  Dakota  Tributaries 

Using  the  average  annual  flow  of  2.  4  maf  (1975)  reported  by  the  Water 
Resources  Council  (WRC)  and  the  maximum  projected  use  of  0.  6  maf  (1970- 
2000)  estimated  by  the  Water  for  Energy  in  the  Northern  Great  Plains  Study, 
a  surplus  of  1.8  maf  per  year  results.  If  instream  flow  uses  of  approx- 
imately 2.4  maf  are  added,  a  deficit  of  about  0.6  maf  is  noted.  Add 
to  this  the  wide  flow  variation  in  the  basin  (about  25  percent  of  the  time 
the  flows  are  only  about  40  percent  of  the  mean)  and  it  is  apparent  that 
plans  for  expanded  irrigation  development  will  be  dependent  upon  importation 
of  water   from  the  main  stem  reservoirs. 

Platte -Niobrara  Rivers 


The  average  annual  flow  of  the  Platte -Niobrara  River  Basin  is  about 
3.6  maf.  Deducting  from  this  the  maximum  projected  use  (1975-2000)  of 
2.2  maf,  leaves  an  annual  surplus  of  about  1.4  maf.  If  instream  uses  are 
deducted,  a  substantial  deficiency  of  3.  7  maf  is  noted.  Add  to  this  the 
dimension  of  flow  variability  (about  10  percent  of  the  time  the  flow  is  less 
than  or  equal  to  about  64  percent  of  the  mean;  in  1940  it  was  1.  9  maf)  and  it 
is  evident  that  this  basin  faces  serious  water  problems,  especially  if  in- 
stream flow  requirements  are  imposed. 

Kansas  River 

The  average  annual  flow  in  the  Kansas  River  Basin  is  about  4.  5  maf. 
Deducting  1970-2000  level  depletions  of  0.  6  maf  gives  a    surplus  of  3.9  maf. 
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Once  instream  flow  uses  are  imposed,  the  result  is  a  deficit  of  about  0.9 
maf  per  year.  The  flow  variability  in  the  basin  is  such  that  about  10  per- 
cent of  the  time  the  annual  flow  will  be  only  about  37  percent  or  less  of 
the  mean  annual  flow.  On  the  average  annual  flow  basis,  problems  to  the 
year  2000  do  not  appear  to  be  severe  although  projected  instream  uses 
would  not  be  completely  satisfied. 

Middle  Missouri  River  Tributaries 

This  subbasin  includes  the  main  stem  of  the  Missouri  River  from 
Sioux  City  to  Kansas  City.  The  water  supply  will  barely  meet  projected 
consumptive  uses  especially  during  July  and  August  by  the  year  2000. 
According  to  the  WRC,  flows  will  be  inadequate  for  navigational  purposes 
about  2  months  each  year  in  1985  and  2000  under  normal  conditions.  During 
a  dry  year  (once  in  20  years)  the  entire  navigation  season  would  be  lost 
at  the  1985  level  of  development. 

Lower  Missouri  River  Tributaries 

Current  average  annual  water  supplies  appear  to  be  adequate  to  meet 
projected  consumptive  requirements  for  the  year  2000  although  instream 
flow  uses  might  be  restricted  especially  during  the  month  of  August.  Other 
instream  flow  shortages  could  result  from  trade-offs  involving  the  diver- 
sion of  water  for  other  purposes. 
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C.     Depletion  Estimates  Above  Sioux  City  Iowa  and  for  the 
Total  Missouri  River  Basin 

Sioux  City,     Iowa  separates    the  upper    basin    from    the    lower    basin 

and  is  the  demarcation  point  between  the  head  of  navigation  and  the  bottom  of 

main-stem   storage   (Figure   1-2).      The  average  annual  flow  of  the  Missouri 

River  at  Sioux  City  is  about  19.  5  maf  at  the  1975  level  of  development.     This 

flow  is   enhanced  by   74.  7  million  acre -feet   of   storage  in  the  six  main  stem 

reservoirs.        Between    Sioux    City   and  the   mouth    of  the    Missouri    River, 

y 

an  average  annual  accretion  of  about  31.4  maf  can  be  expected. 

Most  water  for  energy  development  will  likely  be  supplied  from 
sources  at  and  upstream  from  Lake  Sakakawea.  This  lake,  behind  Garrison 
Dam,  is  the  largest  of  the  six  main- stem  storage  facilities,  and  has  an 
average  annual  inflow  of  about  17  maf. 

A  practical  limit  of  depletions  in  the  upper  basin  has  been  tentatively 
set  at  9.  9  maf  per  year  above  the  1970  level  of  development  (total  depletion 
in  the  upper  basin  of  about  16.4  maf).  This  additional  increment  will 

more  than      satisfy  all  future  depletion  estimates  (1976)   although  instream 
flow  requirements  at  the   levels  noted  in  Table   1-1   could  not  be  maintained 
simultaneously.      Even  with  the  entire   9.  9  maf  consumed,    there  could   still 
be  partial    service  to  navigation,    a  viable   hydropower  generating  facility, 
and    minimum  flows   throughout  a  ten  year  drought  (similar  to  1930-1941), 
of  6,000   cubic  feet  per  second  between  and  from  all  main-stem  reservoirs. 

T7    U.  S.    Dept.    of  Interior,    Bureau  of  Reclamation,    "Northern  Great  Plains 
Resources    Program,    Water  Work  Group  Report",    Washington,    D.C., 
December  1974. 

2/    ibid. 

3/    ibid. 

U.  S.  Army  Corps  of  Engineers,   "Missouri  River  Main  Stem  Reservoir 
Regulation  Studies",   Series  1-74,   Omaha,  Nebraska,  April  1974. 
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This  minimum  level  of  release  would  satisfy  water  quality  purposes  but  would 
not  support  navigation. 

The  first  basin -wide  prediction  of  future  depletions  appeared  in  a  1951 
Missouri  River  Basin  Inter-Agency  Committee  report  on  adequacy  of  flows. 
It  was  estimated  that  eventual  developments  above  Sioux  City,  Iowa,  would 
deplete   9.5   maf  above   1949  levels.      The  1969   Comprehensive   Framework 

Plan  for  the  Missouri  River   Basin  projected  future   depletions  of  11.  6   maf 

I' 
beyond  1949   and  8.  8   maf  beyond  the  1970  level  of  development. 

More  recent  estimates  of  future  streamflow  depletions  have  been  made 
by  the  Corps  of  Engineers,  Bureau  of  Reclamation,  Northern  Great  Plains 
Resource  Program  Study,  and  the  WRC.  These  are  summarized  on  Figures 
1-3  to  1-5.  Figure  1-3  shows  Bureau  of  Reclamation  estimated  depletions 
above  Sioux  City  to  the  year  2060.  At  the  year  2000,  the  estimated  de- 
pletions total  about  10  maf  or  about  6.4  maf  less  than  the  designated  practical 
limit  of  development.  The  diagram  also  depicts  potentialities  for  industrial 
water  marketing  from  the  main  stem  system  during  the  period  over  which 
irrigation  development  would  expand. 

Figure  1-4  shows  projected  total  streamflow  depletions  to  the  year 
2000  above  Sioux  City.  Of  interest  is  the  significant  variation  in  estimated 
depletion  levels.  The  average  of  the  six  reported  figures  is  about  11.2  maf 
or  about  4.  7  maf  above  the  1970  level  of  development.  The  maximum  es- 
timate (13.5  maf)  is  about  7.0  maf  above  the  1970  level  of  development. 
This  value  was  based  on  localized   regional  and  State  viewpoints   (State -re- 

4_/    U.  S.    Dept.    of  Interior,    Bureau  of  Reclamation,  "Northern  Great  Plains 
Resources    Program,    Water  Work  Group  Report",    Washington,    D.  C.  , 
December  1974. 

_5/  MissouriBasin  Interagency  Committee,  "The  Missouri  River  Basin  Com- 
prehensive Framework  Study,  Volume  6,  Hydrologic  Analysis,  U.S. 
Govt.   Printing  Office,  Washington,   D.  C.  ,   December  1971. 
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gional  futures)  and  reflects  a  strong  bias  toward  expanded  irrigated  agri- 
culture. The  wide  range  in  estimated  depletions  of  3.  5  maf  supports  the 
need  for  careful  evaluation  of  future  water  use  and  suggests  that  a  greater 
degree  of  coordination  between  Federal  and  State  planning  programs  might 
be  useful    in  narrowing   differences. 

Figure  1-5  summarizes  the  trends  of  water  supply  and  streamflow 
depletions  in  the  entire  Missouri  River  Basin.  Again  the  significant  diffe- 
rence between  the  State -regional  futures  and  other  projections  is  evident. 

On  the  basis  of  this  assessment,  it  is  clear  that  current  (1976)  pro- 
jections of  streamflow  depletions  to  the  year  2000  could  be  met  during  "a- 
verage  years"  for  all  eight  subbasins  providing  that  instream  flow  require- 
ments were  not  imposed.  For  years  with  flows  significantly  below  average 
(once  in  ten  years  for  example),  some  problems  would  be  encountered  in 
meeting  even  the  projected  depletions.  If  instream  flow  requirements  were 
established  and  imposed,  serious  conflicts  between  uses  could  occur  and 
tradeoffs  would  have  to  be  made. 
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Figure  1-3   Depletion  Estimates  by  the  Bureau  of 
Reclamation  for  the  Missouri  River 
Basin  Above  Sioux  City,  Iowa 
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D.     Groundwater 

Detailed  information  on  the  groundwater  resources  of  the  Missouri 
River  Basin  has  been  obtained  for  some  locations  but  only  a  general 
knowledge  of  the  resource  exists  in  many  areas. 

Subsurface   geohydrologic   conditions   are  known  in  detail  for  the  first 
few  hundred  feet  below  the  ground  surface,    in  parts  of  Kansas,    Missouri, 
Nebraska,     Colorado,    and    southeastern    Wyoming.      For  the   remainder   of 
the  basin,    however,    detailed  information  on  sources  of  groundwater  within 
500  feet    of  the   surface  is  available  only  for  scattered  areas  or  for  point 
locations. 

Artesian  aquifers  at  somewhat  greater  depths  have  been  studied  in 
many  areas,  and  detailed  information  is  available  for  several  localities  in 
the  two  Dakotas,   Montana,   and  Wyoming. 

Groundwater  quality  in  the  basin  is  variable,   ranging  from   less  than 
100   milligrams   per  liter   (mg/1)  total  dissolved   solids  to  several  thousand. 
Waters  having  quality  in  the  upper  range  may  be  used,    however,    depending 
on  the  type  of  use  intended  and  the  economics  of  water  treatment. 

The  lack  of  detailed  information  on  groundwater  resources  in  shallow, 
unconsolidated  deposits  is  critical  because  such  resources  vary  from  loca- 
lity to  locality.  Bedrock  aquifers  tend  to  be  more  extensive  geographically 
although  they  can  vary  from  State  to  State  and  within  States. 

Groundwater  resources  in  bedrock  and  in  consolidated  deposits  in  the 
Missouri  River  Basin  are  substantial  but  more  information  on  the  extent  and 
quality  of  these  resources  is  needed.  The  fact  that  groundwater  and  sur- 
face-water systems  are  often  interconnected  amplifies  the  urgency  for  ade- 
quate quantification. 
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E.     Water  Resources  Issues  in  the  Missouri  River  Basin 

Development  trends  in  the  Missouri  River  Basin  are  shaped  by  emerg- 
ing policies  related  to  water  and  other  natural  resources.  As  demands  for 
water  by  various  sectors  increase,  the  competition  stiffens  and  the  need  for 
a  thorough  understanding  of  the  implications  of  various  development  and 
management  options  becomes  more  important.  Major  water  resources  is- 
sues include:  industrial  water  use;  hydroelectric  power  generation;  naviga- 
tion; irrigation;  Indian  water  use  and  rights;  and  instream  flows. 
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Industrial  Water  Marketing 

The  issue  of  marketing  water  from  the  main  stem  reservoirs  is 
fundamentally  related  to  concern  over  the  legality  of  an  agency  of  the  Federal 
Government  to  act  as  a  marketing  agent,  and  the  question  of  State  water 
rights.  The  water  under  consideration  is  ultimately  scheduled  for  agri- 
cultural use  at  such  time  as  various  water  development  projects  are  con- 
structed or  completed.  In  the  interim,  it  is  contended  that  the  water  should 
be  used  for  other  beneficial  purposes— namely  energy  development  in  the 
Northern  Great  Plains.  Agricultural  interests  are  concerned  that  indus- 
trial water  contracts,  once  let,  would  set  a  precedent  and  that  the  use  of 
the  water  would  not  revert  back  to  agriculture  at  the  appropriate  point  in 
time. 

To  minimize  this  hazard,  the  Federal  Government  has  proposed  that 
States  in  which  main  stem  reservoirs  are  located  would  be  preferred  cus- 
tomers in  marketing  of  water  from  those  reservoirs  and  that  they  would 
have  the  first  option  on  the  reservoir  water.  States  could  then  retail  the 
water  to  industries  under  their  own  procedures. 

The  authority  of  the  Bureau  of  Reclamation  to  act  as  water  marketing 
agent  has  been  challenged  but  a  July  22,  1976  decision  by  the  U.S.  District 
Court  in  Montana  (Environmental  Defense  Fund  vs.  Rogers  C.  B.  Morton, 
Civil  No.  1220)  appears  to  support  the  premise  that  this  authority  exists. 
Although  the  specific  case  involved  the  Yellowstone  ar.d  Boysen  Reservoirs 
in  Montana  and  Wyoming  rather  than  the  main  stem  reservoirs,  the  analogy 
is  direct.  This  statement  from  the  Court's  decision  summarizes  the  fin- 
dings. 
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"The  particular  provisions  of  the  Reclamation  Act  of  1902  (32  Stat. 
388,  43  U.  S.C.  391,  et  seq. )  relied  upon  by  plantiffs  are  not  applicable 
to  the  industrial  water  option  contracts.  Furthermore,  the  Flood  Control 
Act  of  1944  (58  Stat.  887,  33  U.  S.  C.  701-1,  et  seq. )  authorizes  use  of  pro- 
ject water  for  industrial  purposes  and  also  expressly  authorizes  the  market- 
ing thereof  under  federal  reclamation  law.  The  Court  also  concludes  that 
the  Bureau  of  Reclamation  and  Secretary  of  the  Interior  legally  proceeded 
to  process,  approve  and  execute  the  water  option  contracts  pursuant  to  the 
authority  contained  in  Section  9(c)  of  the  Reclamation  Project  Act  of  1939 
(53  Stat.    1194,   43  U.  S.  C.   485th  (c)).  " 

The  amount  of  water  which  can  be  put  to  industrial  purposes  is  con- 
troversial in  the  Upper  Missouri  River  Basin  but  the  Bureau  of  Reclamation 
and  Corps  of  Engineers  contend  that  three  million  acre -feet  of  water  could 
be  provided  annually  as  an  assured  supply  while  continuing  to  meet  all  other 
anticipated  beneficial  requirements  (Figure  1-3). 

In  hearings  before  the  Senate  Committee  on  Interior  and  Insular  Af- 
fairs, the  Secretary  of  the  Army  and  the  Secretary  of  the  Interior  made  the 

following  statement  with  regard  to  the  availability  of  water  for  commitment 

_6/ 
pursuant  to  the  Memorandum  of  Understanding. 

"Using  the  Framework  Plan,  Corps  of  Engineers  operation  studies, 
and  Bureau  of  Reclamation  Rate  and  Repayment  Studies,  the  Bureau  of  Re- 
clamation determined  in  what  quantities  and  during  what  time  frame  waters 
allotted  to  future  irrigation  use  could  be  committed  to  interim  nonirrigation 
uses.  Reclamation  studies  show  that  up  to  2  million  acre-feet  of  main- 
stem  reservoir  storage  will  not  be  utilized  for  agricultural  purposes  before 

F7  U.  S.  Congress,  Senate  Committee  on  Interior  and  Insular  Affairs,  94th 
Congress,  1st  Session,  Hearings  on  The  Sale  of  Water  from  the  Upper 
Missouri  River  Basin  by  the  Federal  Government  for  the  Development 
of  Energy,    Parti,  Washington,   D.  C.  ,   July  18,   1975. 
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the  year  202  3.  Of  this  available  supply,  we  are  proposing  that  1  million 
acre-feet  annually  could  be  considered  as  available  initially  for  the  interim 
industrial  water  marketing  program.  This  determination  has  been  a  joint 
endeavor  by  the  Departments  of  the  Interior  and  the  Army,  and  it  has  been 
discussed  with  officials  of  the  Upper  Missouri  River  Basin  States.  " 

On  the  strength  of  the  analyses  made  herein  and  studies  by  the 
Bureau  of  Reclamation  and  Corps  of  Engineers,  it  appears  that  the  market- 
ing of  1  maf  per  year  of  water  for  industrial  purposes  is  feasible  in  the 
Upper  Missouri  River  Basin.  Principal  conflicts  would  be  in  low  flow  years, 
particularly  if  instream  flow  reservations  are  made  and  adhered  to.  The 
Corps  of  Engineers  "Umbrella  Study"  scheduled  for  completion  in  February 
1977  should  provide  a  better  quantification  of  the  amount  of  water  available 
for  energy  uses  and  its  impact  on  other  uses. 

On  October  4,  1976,  a  block  contract  between  the  Bureau  of  Re- 
clamation and  the  State  of  Montana  involving  300,000  acre -feet  of  water 
from  Fort  Peck  Reservoir  was  signed.  A  similar  document  was  being  ne- 
gotiated with  South  Dakota.  North  Dakota,  on  the  other  hand,  appears  in- 
clined to  issue  permits  to  acceptable  industrial  water  applicants  and  have 
them  contract  directly  with  the  Bureau.  The  course  this  action  is  following 
would  result  in  about  1  maf  of  water  being  allocated  for  industrial  pur- 
poses for  40  years  or  less  from  the  contracting  date. 

Navigation 

The  1944  Flood  Control  Act,   which  authorized  the  Pick-Sloan  Missouri 
River  Basin  Program  states  that: 
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"The  use  for  navigation  *  *  *  of  waters  arising  in 
States  lying  wholly  or  partly  west  of  the  Ninety -eighth 
Meridian  shall  be  only  such  use  as  does  not  conflict 
with  any  beneficial  use,  present  or  future  *  *  *  of  such 
waters  for  domestic,  municipal,  stock  water,  irriga- 
tion,  mining,   or  industrial  purposes.  " 

The  impact  of  depletions  resulting  from  water  uses  in  the  upstream 
States  needs  evaluation,  especially  in  light  of  increasing  interests  in  ener- 
gy development  and  pressures  for  expanded  irrigated  agriculture. 

The  Corps   of     Engineers   addressed     this   issue     for  four  possible 
streamflow  depletion  futures.      On  the  basis  of  these  studies,  it  was  con- 
cluded that    at  the  year    2000  level    of   water  resource    development,    full 
8 -month  navigation   seasons  were   possible  for   54  of  78  years   of  recorded 
streamflows.      During  the   other  years   (coinciding  with  the  drought  periods 
of  the  1930's  and  the  late   1950's,    and  early   1960's)  it  would  be  necessary 
to  reduce  navigation  season  lengths,   in  some  cases  to  a  minimum  of  4  months. 
Navigation  was  suspended  for  one  complete  year  in  two  of  the  studies  and 
one  additional  year   in  another.    For  the  most   severe  case,    (corresponding 
to  depletions   above  the   1970  level  of  6.  8  maf)  navigation  service  was  pro- 
vided during  66   years  of  the   78  year  record  period.   The  navigation  function 
was  not    served  during    the  years    1933  through  1942    and  during    1961   and 
1962.     Full   8-month  navigation   seasons  were   provided   during  42   of  the    78 
years   of  record. 

Barge  tow  transportation  of  farm  products  below  Sioux  City  depends 
on  storage  of  water  behind  the  Missouri  River  main  stem  dams.  From 
Corps  of  Engineers  analyses,  the  maximum  season  length  of  8  months  will 
be  met  about  70  percent  of  the  time  for  total  annual  depletions  above  Sioux 
City  of    about   10    maf  (corresponds    to    lowest    projected  value   on  Figure 


1-23 

1-4).  If  depletion  levels  on  the  order  of  those  specified  by  the  State- 
Regional  Futures  Analysis  (13.5  maf,  Figure  1-4)  occur,  a  maximum 
season  length  of  8  months  would  prevail  only  about  54  percent  of  the  time 
and  there  would  be  no  navigation  season  about  15  percent  of  the  time.  The 
Bureau  of  Reclamation  and  others  have  estimated  that  total  depletions  up- 
stream could    reach    about  16.6    maf  total  and  still  meet   essential  water 

quality  and  municipal  needs   downstream  in  the  main  stem  Missouri  River 

7/ 
system.  At  this  "practical  limit  of  depletion,  "navigation  and  power  ge- 
neration would  be  affected  significantly  and  only  a  minimum  level  of  power 
and  navigation  service  could  be  maintained.  The  economic  and  social  signi- 
ficance of  this  needs  clarification  if  valid  decisions  are  to  be  made  re- 
garding   future  water   allocation   policies. 

Hydroelectric  Power 

Hydroelectric  power  generated  in  the  Missouri  River  Basin  is 
centered  around  the  main  stem  reservoirs  above  Sioux  City.  If  no  further 
capacity  is  installed,  (additional  potential  exists)  the  amount  of  power  ge- 
nerated annually  will  decrease  about  proportionately  to  added  streamflow 
depletions.  On  the  other  hand,  the  peaking  capacity  of  the  plants  would 
not  be  significantly  altered. 

A  study  by  the  U.  S.  D.  I.  Water  for  Energy  Management  Team  (1975) 
developed  the  following  data  on  the  impact  of  projected  depletions  on  hy- 
dropower  generation  in  the  main  stem  reservoirs. 

"77  U.  S.  Dept.  of  Interior.  Bureau  of  Reclamation,  Northern  Great  Plains 
Resources  Program,  Water  Work  Group  Report",  Washington,  D.  C. , 
December  1974. 

J3/  U.  S.  Dept.  of  Interior,  Water  for  Energy  Management  Team,  "Report 
on  Water  for  Energy  in  the  Northern  Great  Plains  Area  with  Emphasis 
on  the  Yellowstone    River    Basin,    "Washington,     D.  C. ,    January  1975. 
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Average  Annual  Reduction  in  Generation 

Generation  Due  to  Coal  Development 
Kw-hr  Kw-hr 

Year  millions  millions 


1970  9,346  0 

1980  9,028  27 

2000  8,158  171 

These  figures  reflect  an  overall  reduction  in  hydropower  generation 

of  about   13   percent  from   1970  to   2000   with  about  2    percent   of  this  being 

attributed  to  coal  development  in  the  Northern  Great  Plains. 

The  Corps      of  Engineers     in     its  main  stem  reservoir  regulation 

9/ 
studies  also  explored  this  issue.  Considering  four  alternative  futures, 

their  data  show  that  the  total  reduction  in  hydropower  by  the  year  2000 
(below  the  1970  level)  would  range  from  about  8  percent  to  about  30  per- 
cent. The  reduction  due  to  coal  development  ranges  from  about  1.  8  per- 
cent to    about  3.  7  percent. 

Using  an  average  annual  flow  above  Sioux  City  adjusted  to  the  1970 
level  of  development  of  approximately  21.8  maf,  and  assuming  1  maf  of 
water  to  be  used  for  energy  development  by  the  year  2000,  a  reduction 
in  average  annual  hydropower  from  this  depletion  would  be  about  4.  6  per- 
cent. In  contrast,  a  reduction  in  hydropower  generation  of  about  11.5  per- 
cent would  result  from  increased  irrigation  depletions  of  about  2.  5  maf 
projected  by  the  Bureau  of  Reclamation  (Figure  1-3).  Irrigation  is  still 
the  major  water  depletion  in  the  Upper  Missouri  River  Basin  and  measures 
taken  to  reduce  or  more  efficiently  use  water  in  that  sector  could  have 
significant  impact  on  hydroelectric  generating  capabilities. 

WJ    U.  S.    Army  Corps  of  Engineers,    "Missouri  River  Main  Stem  Reservoir 
Regulation  Studies",    Series  12-75,  Omaha,  Nebraska,   February  1976. 
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It  is  also  important  to  recognize  that  water  flowing  in  a  stream  is 
available  for  use  at  more  than  one  hydroelectric  facility.  For  the  Missouri 
River  main  stem,  the  point  at  which  a  unit  of  depletion  occurs  affects  its 
impact  on  electrical  generating  capacity.  That  is  to  say,  one  unit  of  water 
withdrawn  above  Fort  Peck  Reservoir  would  reduce  the  power  capabilities 
at  all  downstream  dams  while  the  same  unit  withdrawn  above  Gavins  Point 
would  only  affect  the  generating  capability  at  that  facility.  This  suggests 
that  the  centering  of  heavy  water  depleting  developments  in  the  upper 
reaches  of  the  Missouri  River  would  have  a  more  serious  effect  on  hydro- 
electric power  generation  than  similar  developments  downstream.  Future 
plans  for  water  resources  development  in  the  basin  should  take  this  into 
consideration. 
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Irrigated  Agriculture 

Irrigation  is  the  largest  single  use  of  water  in  the  Missouri  River 
Basin.  Year  2000  estimates  of  depletions  by  irrigated  agriculture  range 
from  about  14  maf  per  year  to  approximately  23  maf  per  year  or  from 
about  70  to  80  percent  of  the  total  depletions  in  the  basin  (U.S.  D.I.  Mis- 
souri River  Basin  Planning  Office).  In  contrast,  even  the  most  ex- 
treme estimates  of  streamflow  depletions  from  energy  resource  develop- 
ment constitute  less  than  5  percent  of  the  total. 

Because  of  the  large  quantities  of  water  used  by  agriculture  it  is  im- 
portant to  carefully  evaluate  the  potential  for  practices  which  can  reduce 
the  quantity  of  water  required  for  a  given  level  of  output.  The  potential 
for  water  conservation  in  the  Missouri  River  Basin  appears  to  be  signi- 
ficant. 

The  fact  that  more   emphasis  should  be  placed  on  implementation  of 
new  and  emerging  irrigation  technology  as   a  means  to  reduce  water   re- 
quirements  is   supported  by    the    following   studies.     In    1973,     the    Bureau 
of  Reclamation  found  that  by  converting  from  a  gravity  system  to  a  sprink- 
ler irrigation  system  for  the  Navajo  Indian   Irrigation  Project  could  effect 

10/ 
water  savings  of  about  9   percent.  A  similar  study  (1974)  by  GAO  of  the 

Garrison  Diversion  Project  in  North  Dakota  indicated  potential  reductions 

11/ 
in  diversion  requirements   of  about  23   percent.  In  their  study  the 

GAO  concluded  the  following: 

"in  total,  we  estimated,  and  the  Bureau  agreed,  that  under  the  re- 
vised plan,    the   average   annual  diversion  requirement   (871,000   acre-feet 

10/  U.  S.  Dept.  of  Interior.  Bureau  of  Reclamation.  Navajo  Indian  Ir- 
rigation  Project-New  Mexico-All  Sprinkler  Irrigation  System.  Wash- 
ington,  D.C.,    1973. 

11/  Comptroller  General  of  the  United  States,  "Congress  Needs  More 
Information  on  Plains  for  Constructing  The  Garrison  Diversion  Unit 
In  North  Dakota",   Nov.    25,    1974. 
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of  water)  could  be  reduced  by  200,000  acre-feet  of  water  annually.  Bu- 
reau officials  said  that  such  a  reduction  could  give  the  Bureau  previously 
unavailable  options  for  (1)  reducing  the  capacity  of  canals  and  other  con- 
struction required  to  deliver  project  waters  where  they  are  needed  or  (2) 
using  the  water  supply  to  irrigate  more  land  or  generate  more  power 
than  originally  anticipated.  " 

On  the  basis  of  studies  such  as  the  foregoing,  it  appears  that  a 
potential  for  reducing  irrigation  water  requirements  in  the  year  2000  by 
at  least  10  percent  is  technically  feasible.  For  the  Missouri  River  Basin 
this  could  mean  a  reduction  in  use  of  about  1.  4  to  2.3  maf  annually  with- 
out adverse  impact  on  crop  yield  for  currently  projected  levels  of  irrigat- 
ed acreage.  A  reduction  of  even  1  maf  would  be  significant  (this  is  about 
the  level  of  water  use  projected  for  energy  development  from  the  main 
stem  reservoirs)  and  the  potential  for  achieving  this  suggests  that  plan- 
ning and  development  processes  for  the  Missouri  River  Basin  should  in- 
corporate and  emphasize  evaluation  of    conservation  practice  alternatives. 

Instream  Flows 

Instream  flow  maintenance  is  intended  to  protect  the  aquatic,  bio- 
logic, benthic,  and  esthetic  values  of  a  stream  and  preserve  the  existing 
fishery.  While  the  concept  has  merit,  the  quantification  of  such  flows  is 
extremely  difficult  because  of  the  wide  variety  of  habitats  and  streamflow 
conditions  encountered  and  the  lack  of  research  and  data  related  to  this 
issue.  There  is  also  the  conflict  with  prior  filings  on  water  which  in  many 
streams  are  already  greater  than  natural  flows  can  supply  in  dry  periods. 
The  Water  Resources  Council,  the  U.  S.  D.  I.  Water  for  Energy  Ma- 
nagement Team  and  the  Northern  Great  Plains  Resource  Program  Study 
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have  all  addressed  this  issue.  In  developing  the  Plan  of  Study  for  the 
1975  National  Water  Assessment,  it  was  determined  that  a  quantification 
of  instream  flow  requirements  would  be  made.  The  U.  S.  Fish  and  Wildlife 
Service  was  assigned  this  task.  In  their  analyses  they  agreed  that  conser- 
vative estimates  would  be  most  practical  based  on  the  available  capability 
for  making  such  estimates.  It  was  understood  that  future  studies  might  re- 
veal lesser  needs  than  those  identified  for  the  1975  assessment.  Accord- 
ingly, the  values  presented  in  Sections  IV  through  XI  should  be  interpreted 
with  this  qualification. 

Although  current  (1976)   estimates  of  instream  flow  needs  are  crude, 
their  magnitude   suggests   substantial  conflict  with  other  uses,  notably  ir- 
rigation and    energy   resource    development.        In  general,     the   amount  of 
water  available  for   storage  or  for  new  use  will  be  reduced  by  about  30  to 

60  percent  for  any  one    selected  storage   volume  and  location  if  designated 

11/ 
instream  flow  rates  are  adhered  to.  "  The  large  quantities  of  water  in- 

volved create  an  urgency  in  the  need  to  thoroughly  evaluate  the  implications 
of  instream  flow  requirements.  Such  requirements  might  well  be  the  most 
critical  water  development  issue  in  the  basin. 


12/  Nebraska  Soil  and  Water  Conservation  Commission,  ''Report  on  the 
Framework  Study",  State  Water  Plan  Publication  101,  Lincoln,  Ne- 
braska,  May  1971. 
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Weather  Modification 

Precipitation  augmentation  is  a  feasible  approach  to  increasing  water 

supplies   and  there   appears    to    be   a    favorable   outlook  for   results  in  the 

13/ 
Fort  Union-Powder  River  Basin  Coal  Region.  ~ 

Studies   sponsored  by  the  Bureau  of  Reclamation  in   1973   of  the  po- 
tential increase  in  water  supply  from  operational  weather  modification  in  the 
upper  basin  indicate    that  seeding  winter  orographic   storms  in  headwater 
areas  could    provide   as  much  as   1.8  million  acre-feet  of  new  water   an- 
nually to  the   Missouri  River  Basin.     In  the  Yellowstone  subbasin,   the  es- 
timated potential  is  536,000  acre-feet  per  year. 

The  potential  benefits  from  increased  precipitation  are  significant  and 
suggest  that  further  study  of  the  sociological,  legal,  and  environmental  im- 
plications of  weather  modification  is  needed  and  should  be  accelerated.  An 
increase  in  water  supply  on  the  order  of  1.8  maf  annually  would  offset 
projected  water  depletions  from  energy  resource  development  and  ease 
the  burden  on  expanded  irrigation  development. 

Water  Rights 

Water  rights  issues  may    be  classified    as:      (1)  State  and  Federal, 
(2)  Interstate,    and   (3)  Indian.      International  issues  are  not   serious  in  the 
Missouri    River    Basin  although  the  use   of    waters  from  the   St.    Mary  and 
Milk  Rivers  is   covered  by  a    1910  treaty    between    Great   Britain    (Canada) 
and  the  United  States. 

13/  U.  S.  Dept.  of  Interior,  Water  for  Energy  Management  Team,  "Report 
on  Water  for  Energy  in  the  Northern  Great  Plains  Area  with  Emphasis 
on  the  Yellowstone    River    Basin,    "Washington,     D.C.,    January   1975. 

U.S.  Dept.  of  Interior,  Bureau  of  Reclamation, "Northern  Great  Plains 
Resources  Program,  Water  Work  Group  Report",  Washington,  D.C., 
December  1974. 
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1.  State  and  Federal  Water  Rights --One  currently  troublesome  issue 
affecting  the  Missouri  Region  and  other  public  land  States,  is  the  Federal 
reserved  water  doctrine.  This  doctrine  provides  that  where  lands  were 
reserved  from  the  public  domain,  the  United  States  implicitly  reserved 
water  sufficient  for  use  in  accordance  with  the  purposes  for  which  the  lands 
were  reserved.  The  Federal  reserved  water  doctrine  grew  partially  from 
a  dispute  over  the  authority  of  the  States  to  exercise  control  over  the  ap- 
propriation and  use  of  water  on  Federal  lands.  In  the  Missouri  River 
Basin,   Federal  lands  comprise  about  13.  5  percent  of  the  total. 

Whether  or  not  water  administration  should  be  subject  to  the  Federal 
reserved  water  doctrine  is  an  important  policy  issue.  According  to  the 
WRC,   there  is  merit  in  this  issue  being  addressed  by  the  Congress. 

"Advantages  of  a  Congressional  determination  include:  The  legal- 
ly supportable  authority  of  the  Congress  to  make  a  policy  determination; 
the  dispatch  with  which  a  determination  could  be  made  as  opposed  to  pro- 
longed litigation;  the  comprehensiveness  with  which  a  solution  could 
be  fashioned;  the  ability  and  effectiveness  of  the  Congress,  through  its 
hearing  procedure,  to  hear  and  weigh  all  view  points;  the  advantage  of 
a  court  review  of  the  Congressional  product,  as  opposed  to  piecemeal  ju- 
dicial legislation  and  Congressional  response  thereto;  and  finally  and  fore- 
most, avoidance  of  protracted  friction  which  otherwise  could  continue  be- 
tween the  Federal  Government  and  the  States." 
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Unfortunately  there  are  numerous  court  suits  underway  and  pending 
on  this  issue.  If  Congressional  action  is  not  taken,  it  is  likely  that  the 
problem  will  be  resolved  only  through  an  indeterminable  number  of  suits 
at  great  expense  of  time  and  funds.  At  any  rate,  the  water  requirements 
of  lands  reserved  from  the  public  domain  need  quantification  so  that  other 
water  rights  can  be  firmly  established.  This  procedure  is  in  progress  on 
some  reserved  lands. 

2.  Interstate  Water  Rights --There  are  no  current  major  litigation 
problems  between  the  States  of  the  Region  but  as  water  supplies  reach 
fuller  development,  interstate  apportionment  by  compacting  or  other  means 
will  likely  be  given  more  consideration.  Informal  discussions  have  taken 
place  relative  to  apportionment  of  Missouri  River  mainstem  waters  among 
the  affected  States,  but  it  has  been  concluded  that  formal  action  is  pre- 
mature. Terms  of  the  Yellowstone  River  Compact  show  constraints  in  ex- 
porting water  to  other  areas  such  as  the  Tongue  and  Powder  Rivers --the 
latter  being  among  those  currently  considered  for  major  coal  development 
and  needing  substantial  water  supplies  not  locally  available.  It  is  possible 
that  this  constraint  could  be  overcome  by  interstate  consideration. 

3.  Indian  Water  Rights --Historically,  State  law  has  accommodated 
establishment  of  water  rights  related  to  diversion  of  a  watercourse  for 
beneficial  use.  The  central  feature  of  this  appropriative  right  is  the  right 
to  obtain  water  in  periods  of  reduced  supply  before  others  having  rights 
established  later  in  time  are  served.  First  in  time,  first  in  right  des- 
cribes the  process.  Presently,  permits  are  issued  by  States  as  evidence 
of  rights  and  on  the  basis  that  unappropriated  waters  are  available. 


78-913   O  -  77  -  4 
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14/ 
Indian  wate]    rights  are  independent  of  the  State  law  system.      They 

arise  in  Federal  law  and  generally  are  established  at  the  time  a  reservation 
is  created.  When  the  reservation  is  on  lands  aboriginally  owned  by  the 
Indian  tribe,  the  water  rights  may  be  considered  to  exist  from  time  imme- 
morial. Ordinary  appropriated  waters  have  a  priority  in  time  dating  to  the 
time  of  first  use  or  from  the  date  of  a  permit  while  Indian  rights  have  a 
priority  in  time  dating  at  least  to  the  date  the  reservation  was  established. 
Indian  reservations  considered  to  have  aboriginal  water  rights  would  have 
first  priority  on  the  body  of  water  serving  their  supply. 

The  legal  basis  for  Indian  water  rights  was  established  by  the  U.S. 

15  / 
Supreme   Court  in  the  case  of  Winters  v.  United  States.    The  finding  of  the 

Court  was  that  the  Government,  in  creating  a  reservation,  intended  to  re- 
serve waters  for  Indian  lands  so  that  they  could  be  put  to  use.  Arizona 
v.  California  decided  the  question  of  quantifying  Indian  water  rights  by  con- 
cluding that  the  only  reasonable  way  to  measure  water  to  be  reserved  for 
the  reservation  was  by  way  of  acreage  of  irrigable  land.  Although  this 
premise  serves  those  areas  engaged  in  farming  and  ranching,  it  is  likely 
that  Indian  reservations  created  for  other  types  of  occupations  may  have 
water  rights  measured  in  different  terms.      This  relates  to  the  statement 

in  Winters  which  implies  that  interpretation  of  agreements  with  Indian  Na- 

16/ 
tions  should  support  the  purpose  of  the  agreement. 


14/    National       Water       Commission.    "Water    Policies  for  the     Future'1, 
Washington,   D.  C.  ,    1973. 

15/    Winters  v.   United  States,   207  U.S.    564(1908). 

16/    MBIAC,    "Hydrologic  Analyses  and  Projections":     Appendix  to  Vol.    6 
of  Comprehensive    Framework  Study,     Missouri    River    Basin,     June, 
1969;  Chapter  7,   Ground  Water  Availability,   p.   91-102. 
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The  competition  between  Indian  and  non-Indian  water  rights  poses 
some  extraordinary  problems.  Most  Indian  reservations  predate  extensive 
water  development  projects  in  the  western  U.  S.  although  the  use  of  water 
in  significant  quantities  by  the  Indians  has  generally  developed  only  in 
recent  years.  In  many  water  critical  areas  of  the  west,  the  development 
of  water  projects  by  the  Indians  could  preempt  the  use  of  water  and  facili- 
ties already  established  at  the  cost  of  billions  of  dollars.  The  resolution 
of  such  conflicts  will  be  difficult. 

Resource  potentials  of  Indian  reservations  in  the  Upper  Missouri  Ri- 

17/ 
ver  Basin    are   enormous.  There   are   23   reservations  wholly   or  partly 

in  the  basin  encompassing  over  12  million  acres  or  about  3.  6  percent  of 
the  region's  area.  Most  Indian  lands  are  underlain  with  large  reserves  of 
coal  and  other  valuable  minerals  and  many  possess  outstanding  recreation 
features  and  contain  large  surface  areas  suitable  for  agricultural  develop- 
ment. 

Preliminary  surveys  indicate  that  Indian  economic  development  re- 
quirements for  water  may  involve  a  significant  portion  of  the  existing  an- 

18/ 
nual  flows  of  the   Missouri  River  and  its  tributaries.         To  aid  in  resolving 

questions  of  Indian  water  rights  and  requirements,  the  Office  of  Indian 
Water  Rights  has  about  80  studies  underway. 

The  U.S.  D.I.  Water  for  Energy  Management  Team  commented  as 
follows  on  this  subject. 


17/    U.S.   Dept.   of  Interior,  Water  for  Energy  Management  Team,    "Report 
on  Water    for  Energy  in  the  Northern  Great  Plains  Area  with  Em- 
phasis on  the  Yellowstone  River  Basin,  "  Washington,   D.  C.  ,   January 
1975. 

18/    ibid. 
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"initial  estimates  based  on  studies  underway  in  the  States  of  Montana 
and  Wyoming,  suggest  that  Indian  requirements  in  the  Yellowstone  subbasin 
and  the  Upper  Missouri  above  the  confluence  of  the  Yellowstone  River  could 
reach  an  annual  level  of  2.6  million  acre -feet  of  consumptive  use  by  the 
year  2020.  This  would  represent  about  45  percent  of  the  average  annual 
undepleted  flow  of  the  rivers  at  the  North  Dakota -Montana  State  line.  These 
estimates  were  predicated  on  the  assumption  that,  ultimately,  increasing 
demands  for  goods  and  services  in  the  domestic  as  well  as  the  world  mar- 
kets will  encourage  full  development  of  the  Indian  resource  base.  The  in- 
creasing demands  for  energy  coupled  with  pending  shortages  and  the  Go- 
vernment's reluctance  to  become  solely  dependent  on  foreign  sources  has 
stimulated  an  interest  in  mineral  exploration  on  Indian  lands  and  has 
spurred  the  demand  to  have  Indian  resources  developed  as  quickly  as  pos- 
sible. Another  factor  which  may  influence  further  irrigation  development 
on  the  reservations  is  the  current  world  food  and  fiber  situation.  World 
pressures  for  these  products  have  severely  narrowed  the  expansion  capa- 
bilities of  present  domestic  acreages.  As  a  viable  alternative  it  may  be 
necessary  to  bring  all  or  part  of  those  western  Indian  lands  which  are 
potentially  irrigable,  into  production  to  help  absorb  the  excess  demand 
that  is  likely  to  occur  in  the  not  too  distant  future.  Notwithstanding  the 
other  functional  needs  -  domestic  consumption,  recreation,  fire  protection, 
fish  and  wildlife  needs,  other  industrial  uses,  etc.  -  there  are  enough  eco- 
nomic forces  at  work  today,  that  one  can  reasonably  visualize  total  deve- 
lopment on  the  reservations  with  accompanying  increasing  needs  and  re- 
quirements for  waters.  " 
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Similar  development  demands  are  anticipated  in  other  Upper  Missouri 
River  Basin  States,  but  the  scale  of  activity  which  might  occur  has  not  been 
evaluated  and  the  water  requirements  needed  to  support  potential  activities 
are  unknown.  Without  this  information  it  is  difficult  to  dimension  water 
uses  and  to  determine  the  impact  of  proposals  for  Indian  water  use  on 
other  projected  requirements  in  the  basin. 

The  tribes  are  concerned  that  water  used  for  energy  development  will 
adversely  affect  their  water  rights  and  lead  to  depletions  of  supplies  criti- 
cal for  sustaining     future  economic      developments     on  their  reservations. 
They  are  looking  for  assurances  that  their  water  requirements  will  be  pro- 
perly accounted  for  in  all  planning  scenarios. 

Rational  water  planning  in  the  Missouri  River  Basin  is  dependent 
upon  quantification  of  all  existing  and  proposed  water  uses.  Because  the 
claims  to  water  by  the  Indians  are  substantial,  quantification  of  these  is 
urgently  needed  and  should  be  assigned  a  high  order  of  priority.  Cur- 
rent studies  of  future  water  uses  in  the  Missouri  River  Basin  have  addres- 
sed the   issue  to  greater  or  lesser  degrees  but  the  fact  remains  that  the 

19/ 
quantities  involved  are  generally  unknown  or  in  dispute.         Until  this  matter 

is  resolved,    estimates   of  future  streamflow  depletions  will  be  biased  ac- 
cordingly,  and  decisions  on  tradeoffs  with  other  users  will  be  clouded. 


19/    U.  S.    Dept.    of  Interior,    Water  for  Energy  Management  Team  "Report 
on  Water    for    Energy  in    the  Northern  Great   Plains  Area  with  Em- 
phasis on  the  Yellowstone  River   Basin,"   Washington,    D.  C,   January 
1975. 
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Water  Quality 

Water  quality  problems  in  the  Missouri  River  Basin  relate  to  both 
surface  and  groundwaters.  The  fate  of  farm  chemicals  and  fertilizers  is 
considered  an  important  problem  by  most  States.  Other  water  quality  pro- 
blems relate  to  erosion,  sediments,  logging  operations,  cattle  grazing  and 
various  coal  and  other  mining  operations.  To  meet  the  requirements  of  PL  92 
500  there  is  a  need  for  information  on  the  use  of  sewage  effluent  for  crop 
irrigation,  and  for  land  disposal  of  both  urban  and  agricultural  (livestock) 
organic  waste  residues.  Research  on  the  fate  and  control  of  pollutants  re- 
lated to  the  use  of  agricultural  lands  should  be  accelerated  and  emphasis 
placed  on  the   development   of  practical  and  enforceable  methods  of  control. 

Alternative  Futures  Planning 

The  studies  of  the  Missouri  River  Basin  reviewed  in  this  report  have 
one  thread  in  common  -  they  all  assume  a  particular  future.  For  example, 
the  1975  Assessment  being  developed  by  the  Water  Resources  Council  focuses 
on  a  Modified  Central  Case  -  that  future  considered  most  likely  to  occur  by 
Federal  agency  representatives.  By  analyzing  this  scenario,  useful  in- 
sights to  policy  oriented  issues  can  be  gained.  However,  a  more  informative 
approach  would  evaluate  several  feasible  scenarios  so  that  the  price  to  be 
paid  by  emphasizing  one  use  over  another  can  be  made  more  explicit  and 
the  nature  of  tradeoffs  more  clearly  defined.  With  this  extended  outlook, 
better  decisions  regarding  the  direction  of  water  resources  development 
should  result. 
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Since  the  human  mind  has  limited  ability  to  assimilate  more  than 
a  few  options,  it  is  suggested  that  a  display  of  alternative  futures  empha- 
sizing irrigation  development,  energy  resource  development  (primarily  coal 
development),  instream  flow  needs  (includes  hydroelectric  generation)  and 
Indian  water  use  respectively  would  be  most  informative.  For  each  of  these 
four  major  categories,  the  impacts  of  several  levels  of  water  development 
for  other  purposes  could  be  presented.  For  example,  assume  that  it  is  de- 
sired to  explore  alternatives  which  provide  an  optimal  level  of  instream  flow 
for  fish  and  wildlife  preservation,  navigation  and  hydroelectric  power  gene- 
ration. Within  this  constraint,  the  remaining  available  water  could  be  appor- 
tioned in  several  ways  to  satisfy  other  uses  namely  irrigation,  energy  re- 
source development  and  municipal  and  industrial  water  supply.  Analysis 
of  these  futures  would  show  the  impact  of  the  tradeoffs  required  by  each 
sector  and  would  provide  the  basis  for  a  reasonable  compromise.  In  like 
manner,  the  instream  flow  optimizing  alternatives  could  be  compared  with 
those  stressing  irrigation,  Indian  water  use  and  energy  resource  development. 
By  considering  a  display  of  feasible  scenarios,  the  design  of  policy  for  future 
water  resources  development  should  be  enhanced  and  its  implications  made 
more  explicit. 

The  number  of  options  which  could  be  explored  within  each  of  the  four 
principal  categories  is  unlimited  and  must  be  controlled.  The  agency  con- 
ducting the  analysis  would  therefore  have  to  develop  a  plan  of  study  which 
included  enough  diversity  in  scenarios  to  permit  an  adequate  assessment 
of  options  without  becoming  unwieldy.  To  illustrate  the  nature  of  such  a 
process,    four   possible   futures  which  might  be  studied  for  the  Yellowstone 
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River  Basin  are  outlined  in  Table   3-1.   Other  scenarios  constituting  a  more 
complete  analysis  could  be  constructed  in  a  similar  manner. 

Scenario  1  represents  a  future  where  all  but  instream  water  uses  are 
being  exerted  at  their  maximum  projected  level.  The  other  scenarios  include 
features  such  as  the  implementation  of  conservation  practices  and  most  pro- 
bable levels  of  development.  In  general,  the  maximizing  future  should  be 
one  of  these  explored  since  it  will  determine  whether  or  not  there  will  be 
a  deficiency  in  water  supply  by  the  target  date.  If  all  uses  can  be  satis- 
fied at  their  maximum  projected  levels,  then  decisions  on  development  will 
be  independent  of  water  supply. 

In  analyzing  the  alternative  futures  given  in  Table  3-1,  the  relative 
merits  of  existing  and  potential  water  sources  (new  reservoirs  such  as  Moor- 
head  and  Allenspur,  imports  etc. )  for  the  purposes  indicated  should  be  dis- 
played. For  example,  the  impact  on  hydroelectric  generation  of  withdrawals 
above  Boysen  Reservoir  vs.  withdrawals  above  Yellowtail  Reservoir  should 
be  noted  (Figure  1-2).  Alternative  sources  of  water  for  coal  development 
should  also  be  analyzed  to  determine  the  impact  of  that  use  on  other  potential 
uses  which  could  be  met  from  the  same  source.  For  each  option,  the  im- 
plications for  navigation,  hydroelectric  generation,  fish  and  wildlife  en- 
hancement, energy  resource  development,  Indian  self  determination,  water 
quality,  and  environmental  quality  should  be  presented.  Such  displays  would 
clearly  define  conflicts  which  might  result.  For  example  in  the  alternative 
which  maximizes  irrigation  water  use,  maintenance  of  acceptable  levels  of 
instream  flows  might  be  ruled  out.  By  systematically  exploring  a  range  of 
pre -determined  options,   tradeoffs  necessary  to  achieve  a  practical  optimum 
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Table  1-3      Example  Scenarios  for  Year  2000  Water  Resource 
Development  in  the  Yellowstone  River  Basin 


Non -Indian 
Irrigation 
Scenario      Water  Use 


Indian 
Water  Use 
(Irrigation 

and 
Energy) 


Water    Use  for 
Non-Indian 
Energy  Re- 
source De- 
velopment 


Municipal  Instream* 

and  Flow 

Industrial  Maintenance 
Water  Use 


1. 


Maximum 
level  of 
development 
based  on 
1976  water 
use  efficien- 
cies 


Maximum  Maximum 

projected  level  of 

level  of  development 
development 


Maximum  Maximum 

level  of  attainable 

development     level 


Maximum 
level  of 
development 
but  with 
maximum 
increase  in 
water  use 
efficiency 


Most 
probable 
level  of 
development 


Most 
probable 
level  of 
development 


Most 
probable 
level  of 
development 


Maximum 
attainable 
level 


Most  pro- 
bable level 
of  develop- 
ment based 
on  1976  water 
use  efficiencies 


Most 
probable 
level  of 
development 


Most 
probable 
level  of 
development 


Most 
probable 
level  of 
development 


Maximum 
attainable 
level 


Most 
probable 
level  of 
development 


Maximum 
level  of 
development 


Maximum  Maximum 

level  of  attainable 

development     level 


Most  pro- 
bable level 
of  develop- 
ment but 
I.  with  maximum 

increase  in 
water  use 
efficiency 

"The  maximum  attainable  level  after  all  other  uses  have  been  met  is  in- 
dicated  in  these  options.  Other  scenarios  setting  instream  flows  at  their 
maximum  desirable  level  should  also  be  explored.  Note  however,  that  the 
maximum  attainable  level  could  be  sufficient  to  meet  maximum  instream 
flow  requirements. 
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for  multiple  objective  water  resources  development  can  be  identified.  Arm- 
ed with  such  knowledge,  decision  makers  should  be  in  a  better  position  to 
reach  an  acceptable  compromise. 

The  projection  of  a  single  future  is  an  inadequate  approach  to  water  re- 
sources planning.  The  impacts  of  several  levels  of  development  for  each 
major  water  use  should  be  presented  in  the  context  of  their  relationship  to 
other  uses  so  that  interactions  can  be  identified  and  tradeoffs  explicitly  de- 
fined. 
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Conclusions 

The  major  water  resources  issues  to  be  dealt  with  in  the  Missouri 
River  Basin  are  instream  flow  requirements,  water  use  efficiency  in  ir- 
rigated agriculture,  energy  resource  development,  navigation,  Indian  water 
requirements  and  hydroelectric  power  generation.  These  issues  are  all 
interrelated  and  decisions  made  affecting  one  will  have  implications  for  the 
others.  If  future  emphasis  is  placed  on  satisfying  instream  flow  require- 
ments for  the  protection  of  aquatic,  biologic  and  esthetic  values  of  streams, 
serious  conflicts  with  major  depleting  uses  such  as  irrigated  agriculture 
and  energy  resource  development  will  result.  Priority  should  be  given  to 
studies  of  the  efficacy  of  conservation  practices  or  technologic  change  for 
reducing  irrigation  water  requirements  and  the  mechanics  for  imple- 
menting such  changes  should  be  explored. 

At  the  1975  level  of  development,  the  major  depleting  use  of  water  in 
the  Missouri  River  Basin  was  irrigated  agriculture  (about  78  percent),  fol- 
lowed by  evaporation  from  man-made  reservoirs  (about  15  percent).  All 
other  depletions  totaled  about  7  percent  with  those  from  domestic  use  and 
manufacturing  and  minerals  production,  each  representing  about  1.5  per- 
cent. Projections  to  the  year  2000  do  not  indicate  any  significant  change 
in  this  distribution. 

The  important  observation  is  that  irrigated  agriculture  is,  and  will 
continue  to  be,  the  major  depletor  of  the  basin's  water  resources.  Mea- 
sures taken  to  conserve  or  reduce  water  use  in  that  sector  will  have  far 
greater  impact  than  similar  efforts  relative  to  any  other  water  use. 


II.     INTRODUCTION 

The  Missouri  River  Basin  is  the  largest  of  the  principal  water  resources 
regions  in  the  contiguous  United  States.  It  includes  all  or  part  of  ten  states 
and  ranges  in  climate  from  semi-humid  to  semi-arid.  All  manner  of  water 
problems  and  uses  are  encountered.  The  nature  of  these  problems  ranges 
from  mild  to  severe.  Their  solution  depends  upon  a  knowledge  of  the  current 
state  of  development  of  the  water  resource,  an  understanding  of  the  develop- 
ment futures  which  have  been  proposed,  and  an  assessment  of  the  implica- 
tions of  these  alternative  futures. 

This  study  was  undertaken  to  provide  a  basis  for  more  informed  deci- 
sion-making relative  to  water  resources  development  in  the  Missouri  River 
Basin.  Analyses  focus  on  the  eight- subbasin  configuration  used  in  the  Mis- 
souri River  Basin  Comprehensive  Framework  Study  (Figure  1-1).  This  sub- 
division was  selected  over  the  current  (1975)  WRC  configuration  (Fig.  2-2) 
because  it  was  used  or  partly-used  in  most  other  studies  and  comparisons 
were  thus  facilitated.  The  previous  (1968)  WRC  subbasin  configuration  is 
shown  on  Figure  2-1. 

The  1968  subdivision  is  at  considerable  variance  with  Figure  1-1  in  the 
region  of  the  Dakotas  while  the  1975  configuration  is  similar  to  the  Mis- 
souri River  Basin  Comprehensive  Framework  Study  subdivision  once  seve- 
ral of  the  "aggregated  sub  areas  (ASA)"  are  combined.  It  is  anticipated 
that  future  studies  by  Federal  agencies  will  conform  to  the  configuration 
given  in  Figure  2-2.  This  move  toward  standardization  of  basin  bounda- 
ries by  WRC  is  to  be  commended  and  should  result  in  more  efficient  use 
of  data  generated  by  various  investigating  bodies. 
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III.     THE  MISSOURI  RIVER  BASIN  GENERAL  SETTING 

The  Missouri  River  Basin  encompasses  approximately  513,000  square 
miles  or   about    one -sixth  of  the   contiguous   United  States.      In  this  Section 
the  principal        physical,    economic  and     demographic     features  of    the  eight 
major  subbasins  are  presented. 
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A.     The  Upper  Missouri  River  Tributaries 
Topography 

The  Upper  Missouri  River  Tributaries  subbasin  drains  about  82,  800 
square  miles  and  is  contained  almost  entire  within  Montana.  An  additional 
9,  700  square  miles  is  in  Canada. 

The  subbasin  is  bounded  on  the  west  by  the  continental  divide.  This 
area  is  characterized  in  the  north  by  moderately  sloping  lands  with  areas  of 
level  and  undulating  glacial  drift.  In  the  south,  high  mountains  are  inter- 
spersed with  valleys.  In  one  such  valley,  the  flows  of  the  Jefferson,  Madi- 
son, and  Gallatin  Rivers  join  together  forming  the  headwaters  of  the  Mis- 
souri River.  The  remainder  of  the  subbasin  lies  within  the  interior  plains. 
The  Missouri  River  divides  the  plain  into  the  Missouri  glaciated  and  non- 
glaciated  plateaus.  The  glaciated  plateau  lies  north  of  the  River.  Level 
and  undulating  glacial  drift  lands  dominate  the  area,  although  some  hilly 
areas  are  present.  The  unglaciated  plateau  lies  south  of  the  River.  The 
western  section  of  the  unglaciated  plateau  is  characterized  by  moderately 
sloping  lands  with  some  mountainous  and  hilly  contours.  The  eastern  section 
exhibits  badlands  interspersed  with  areas  of  moderately  sloping  and  moun- 
tainous terrain. 

Population 

The  population  of  the  subbasin  in  1950  totaled  255,584.  Of  this,  the 
urban  population  comprised  47%,  the  nonfarming  rural  population  32%,  and 
the  farming  population  21%.  By  1959,  the  population  increased  by  16%  to 
295,643.      The  urban  population  grew  by   13%  to     comprise   52%  of  the  total 


3-3 

population.  The  nonfarming  rural  population  increased  by  5%  but  still  ac- 
counted for  32%  of  the  total  population.  The  farming  population  declined 
by  2%,  comprising  16%  of  the  population.  By  1969  the  population  increased 
by  less  than  one  percent  to  297,678.  The  urban  population  experienced  a 
4%  rise  to  account  for  56%  of  the  total  population.  The  farming  population 
declined  by  4%  to  12%  of  the  total.  The  nonfarming  rural  population  re- 
mained stable  at  32%. 

Economy 

The  personal  income  for  the  Upper  Missouri  subbasin  in  1950  totaled 
$630,  331,000.  Per  capita  income  averaged  $2,  505.  Relative  to  the  national 
figure  (U.  S.  =1.  00),  this  amounted  to  1.21.  Earnings  for  the  same  year 
totaled  $548,978,000.  Earnings  per  worker  averaged  $5,586.  Compared 
to  the  national  average  (U.S.  =1.00),  this  amounted  to  1.22.  The  agri- 
cultural, forestry  and  fisheries  industries  produced  43%  of  the  total  subbasin 
earnings. 

By  1959,  personal  income  increased  by  8%  to  $679,981,000.  Per 
capita  income  averaged  $2,  300,  or  .  94  compared  to  the  national  average. 
Earnings  decreased  by  less  than  1%  to  $545,  116,  000.  Earnings  per  worker 
averaged  $5,  202;  or  .  95  compared  to  the  national  earnings  averaged.  Agri- 
cultural, forestry,  and  fisheries  earnings  declined  to  comprise  23%  of  the 
total   subbasin  earnings. 

Personal  income  and  industrial  earnings  experienced  large  increases 
during  the  1960-1969  decade.     Personal  income  increased  by  33%  to  $906,  739 
000.     Per  capita     income  averaged     $3,013,     but  dropped  to  0.88  compared 
to  the  national  average.      Earnings  rose  by   29%  to  $709,  587,  000.     Earnings 
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per  worker  increased  to  $6,441  or  .94  compared  to  the  national  figure. 
Although  earnings  rose,  the  agricultural,  forestry,  and  fisheries  indusries 
comprised  22%  of  the  total  sub -basin  earnings  and  came  second  to  Go- 
vernment earnings  in  amount.  Government  earnings  comprised  2  5%  of  the 
total. 

B.      Yellowstone  River 
Topography 

The  Yellowstone  River  subbasin  drains  approximately  70,  622  square 
miles  of  southeastern  Montana  and  Northern  Wyoming.  Major  rivers  of  the 
basin  are  the  Yellowstone,   Shoshone,   Bighorn,  Wind,  Tongue,   and  Powder. 

The  subbasin  includes  all  of  the  middle  Rocky  Mountain  province. 
The  remainder  of  the  subbasin  lies  in  the  unglaciated  Missouri  plateau  of 
the  interior  plains.  The  middle  Rocky  Mountain  province  lies  almost  en- 
tirely within  the  State  of  Wyoming.  High  mountains  encircle  a  large  area 
of  rough  lands  and  badlands  with  some  interspersed  valleys.  The  unglaciated 
Missouri  plateau  is  characterized  by  rough  lands  and  badlands  with  regions 
of  hilly  and    moderately  sloping  contours. 

Population 

In  1950,  the  population  of  the  Yellowstone  subbasin  totaled  238,  719. 
Of  the  total,  the  urban  population  accounted  for  43%,  the  nonf arming  rural 
population  accounted  for  2  9%,  and  the  farming  population  accounted  for  28%. 
During  the  1950-1959  decade,  the  population  grew  by  13%  to  269,817.  The 
urban  population  increased  by  17%  to  comprise  53%  of  the  total.  The  non- 
farming  population  gained  4%,     but    still    comprised  29%    of  the  total.      By 
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farming  population  gained  4%,  but  still  comprised  29%  of  the  total.  The 
farming  population  declined  by  8%,  now  comprising  18%  of  the  total.  By 
1969,  the  population  rose  by  3%  to  278,910.  The  urban  population  in- 
creased by  6%  to  account  for  58%  of  the  total.  The  nonfarming  rural  popula- 
tion increased  by  2%,  but  remained  29%  of  the  total.  The  farming  population 
declined  by  5%,  now  comprising  13%  of  the  total  population. 
Economy 

Total  personal  income  for  the  subbasin  in  1950  was  $468,210,000. 
Per  capita  income  averaged  $1,962,  or  .95  compared  to  the  national  per- 
capita  income  (U.  S.  =1.00).  Earnings  totaled  $396,  096,  000,  while  earnings 
per  worker  averaged  $4,450.  Compared  to  the  national  figure  (U.S. 
=  1.00),  this  amounted  to  .99.  Contributing  the  largest  amount,  the  agri- 
cultural, forestry  and  fisheries  industries  supplied  26%  of  the  total 
earnings. 

By  1959  personal  income  increased  by  26%  to  $591,677,000.  Per 
capita  income  increased  to  $2,193,  but  had  an  index  of  .90  relative  to  the 
national  average.  Earnings  rose  by  21%  to  $479,217,000.  Earnings  per 
worker  rose  to  $4,  906,  but  declined  to  .  92  relative  to  the  national  figure. 
The  agricultural,  forestry  and  fisheries  industries  declined  in  earnings  but 
still  led  other  industries  with  18%  of  the  total. 

By  1969,  personal  income  increased  by  27%  to  $805,321,000.  Per 
capita  income  averaged  $2,  887,  or  .  85  relative  to  the  national  figure. 
Earnings  rose  by  31%  totaled  $629,942,000.  Earnings  per  worker  increased 
to  $6,125,  but  declined  relative  to  the  national  figure  to  .89.  Govern- 
ment surpassed  the   agricultural,    forestry  and  fisheries  industries  in  total 
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earnings    by    $23,000,000,   contributing    16%    of   the    total    while    the    latter 
contributed  13%. 

C.       The  Western  Dakota  Tributaries 
Topography 

Located  in  the  heart  of  the  Missouri  River  Basin,  the  Western  Dakota 
Triburaries  subbasin  drains  44,119  square  miles  of  Montana,  Wyoming, 
North  Dakota,  and  South  Dakota.  The  Little  Missouri  and  Cheyenne  Rivers 
are  major  tributaries. 

Situated  entirely  within  the  unglaciated  Missouri  plateau,  the  sub- 
basin  features  moderately  sloping  areas  interspersed  with  hilly  contours  and 
rough  and  bad  lands.  The  subbasin  also  includes  the  Black  Hills  of  South 
Dakota  and  Wyoming. 

Population 

In  1950,  the  population  of  the  Western  Dakota  subbasin  totaled  283,683. 
The  urban  population  accounted  for  27%,  the  non-farming  population  ac- 
counted for  34%,  and  the  farming  population  accounted  for  39%.  By  1959  the 
total  increased  by  less  than  1%  to  285,539.  The  subbasin  had  experienced 
a  7%  increase  in  the  urban  population  to  34%  of  the  total,  a  2%  increase 
in  the  nonfarming  rural  population  to  37%  of  the  total,  and  a  10%  decrease 
in  the  farming  population  to  29%  of  the  total.  During  the  1960-1969  decade 
the  population  again  increased  but  by  less  than  1%  to  285,790.  Specifically, 
urban  population  increased  by  3%  and  accounted  for  37%,  nonfarming  rural 
population  increased  by  2%  and  accounted  for  39%,  while  farming  declined 
by  5%  and  accounted  for  24%  of  the  total. 
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Economy 

Personal  income  for  the  subbasin  in  1950  totaled  $741,  741,000,  while 
per  capita  income  averaged  $1,  686  or  .  82  relative  to  the  national  per  capita 
income  (U.S.  =  1.00).  Earnings  for  1950  totaled  $535,  725,  000.  Earnings 
per  worker  averaged  $3,309,  or  .74  relative  to  the  national  figure  (U.S. 
1.00). 

By  1959,  personal  income  had  risen  by  9%  to  $806,135,000.  The 
per  capita  income  rose  to  $1,  768,  but  dropped  to  .  72  compared  to  the  na- 
tional figure.  Earnings  rose  by  21%  to  $649,280,000.  Earning  per  worker 
now  averaged  $3,  990  or  .  74  compared  with  the  national  figure. 

Personal  income   jumped  by  49%  to  $1,  204,  776,  000  by   1969.    Per  ca- 
pita income  averaged  $2,  717,   with  an  index  of   .80.      Total  earnings  rose  by 
43%  to  $927,639,000   or  $5,592   per  worker  representing  .  82   of  the  national 
average. 

The  agricultural,  forestry  and  fisheries  industries  comprised  49%  of 
the  total  earnings  for  1950.  By  1959,  earnings  had  declined  but  industry 
was  still  the  major  constituent  of  the  earnings  total  with  21%.  The  whole- 
sale and  retail  industry  followed  closely  with  20%  of  the  total.  The  agri- 
cultural, forestry  and  fisheries  industry  recovered  to  comprise  28%  of  the 
total  by  1969.     Government  earnings  followed  with  24%. 

D.        Eastern  Dakota    Tributaries 
Topography 

The  Eastern  Dakota  Tributaries  subbasin  drains  58,  288  square  miles 
of  North  Dakota,   South  Dakota,   and  lesser  parts  of  Minnesota  and  Iowa.   The 
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subbasin  is  comprised  of  areas  in  two  provinces  of  the  interior  plains.  In 
the  north,  the  subbasin  lies  on  the  Missouri  glaciated  plateau.  This  area 
is  characterized  by  level  and  undulating  lands  interspersed  with  hilly  ter- 
rain. A  small  area  of  dunes  is  also  located  in  this  region.  The  southern 
part  of  the  subbasin  lies  in  the  central  lowlands.  This  area  exhibits  a  large 
region  of  level  and  undulating  glacial  drift  lands  west  of  the  James  River 
and  moderately  sloping  land  east  of  the  James  River. 

Population 

The  population  for  the  Eastern  Dakota  subbasin  for  1950  totaled  536,  - 
807.  Specifically  the  total  was  31%  urban,  27%  nonfarming  rural,  and  42% 
farming  population.  By  1959  the  population  rose  by  4%  to  559,018.  The 
urban  population  increased  by  8%  to  37%  of  the  total,  the  nonfarming  popu- 
lation increased  by  3%  to  29%  of  the  total,  and  the  farming  population  de- 
creased by  7%  to  34%  of  the  total.  The  population  had  declined  2%  by  1969 
to  546,857.  The  urban  population  increased  by  5%  to  43%  of  the  total,  the 
nonfarming  rural  population  declined  1%  to  constitute  29%  and  the  farming 
population  declined  6%  to  28%. 

Economy 

In  1950,  the  personal  income  for  the  Eastern  Dakota  subbasin  totaled 
$1,017,974,000.  Per  capita  income  averaged  $1,  696,  or  .  82  compared  to 
national  figure  (U.S.  =  1.00).  Earnings  totaled  $859,240,000.  Earnings 
per  worker  averaged  $3,  837,  or  .85  relative  to  the  national  average  (U.S. 
=  1.00).  The  agricultural,  forestry  and  fisheries  industries  comprised  47% 
of  the  total  earnings  figure. 
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By  1959  personal  income  decreased  by  11%  to  $906,619,000.  Per 
capita  income  averaged  $1,  538  or  .63  relative  to  the  national  figure.  Earn- 
ings declined  by  18%  to  $705,  608,  000.  Earnings  per  worker  averaged  $3,  314 
or  .62  relative  to  the  national  figure.  The  agricultural,  forestry  and  fish- 
eries industries  declined  substantially  to  19%  of  the  total. 

By  1969,  personal  income  increased  by  75%  to  $1,584,936,000.  Per 
capita  income  averaged  $2,  712  or  .  79  compared  to  the  national  figure.  Earn- 
ings increased  by  69%  to  $1,  194,  878.  Earnings  per  worker  averaged  $5,  3  32 
or.  78  relative  to  the  national  figure.  The  agricultural,  forestry  and  fisheries 
industries  rebounded  to  contribute   28%  of  the  total  earnings  for  1969. 

E.        Platte -Niobrara 
Topography 

The  Platte -Niobrara  Rivers  subbasin  drains  99,462  square  miles  of 
Wyoming,  Colorado,  and  Nebraska.  The  subbasin  features  a  very  diverse 
topography.  In  the  west,  the  southern  Rocky  Mountain  province  is  character- 
ized by  mountainous  terrain  interspersed  with  some  valleys,  rough  lands 
and  badlands.  The  center  of  the  basin  shows  moderately  sloping  lands  with 
some  hilly  contours.  Dominating  this  area  are  the  dune  lands  of  central 
Nebraska.  East  of  the  dune  lands  are  hilly  contours  with  some  areas  of 
level  and  undulating  glacial  drift  near  the  Platte  River. 

Population 

The  population  of  the   subbasin  in   1950  totaled  1,  559,  570.      The  urban 
population  accounted  for  46%  of  the  total,    the  nonfarming  rural   population 
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27%,  and  the  farming  population  27%.  By  1959  the  population  increased  by 
23%  to  1,923,694.  The  urban  population  increased  by  28%  and  now  com- 
prised 60%  of  the  population,  the  nonfarming  population  increased  by  3%  to 
24%  and  the  farming  population  declined  by  8%  to  16%.  In  1969  the  subbasin's 
population  increased  by  19%  to  2,295,121.  The  urban  population  increased 
by23%  to  account  for  70%  of  the  total,  the  nonfarming  population  increased 
by  less  than   1%  to  20%   and  the  farming  population  declined  by  4%  to   10%. 

Economy 

Personal  income  of  the  basin  for  1950  totaled  $3,419,424,000.  Per 
capita  income  averaged  $2,  239  or  1.  08  relative  to  the  national  figure  (U.S.  = 
1.00).  Earnings  totaled  $2,847,277,000.  Earnings  per  worker  averaged 
$4,660  or  1.  03  compared  to  the  national  figure  (U.S.  =1.  00). 

By  1959  personal  income  had  increased  by  39%  to  $4,  845,  628,  000.  Per 
capita  income  averaged  $2,125  or  .87  compared  to  the  national  figure. 
Earnings  increased  by  36%  to  $3,879,720,000.  Earnings  per  worker  aver- 
aged $5, 126  or  .  96  compared  to  the  national  figure. 

Personal  income  had  increased  by  58%  by  1969  to  $7,  678,  662,  000. 
Per  capita  income  averaged  $3,346  or  .98  relative  to  the  national  figure. 
Earnings  increased  by  58%  also,  to  $6,117,146,000.  Earnings  per  worker 
averaged  $6,  520  or  .95  relative  to  the  national  figure. 

The  agricultural,  forestry,  and  fisheries  industries  countributed  the 
largest  amount  of  earnings,  22%  to  the  subbasin  total  in  1950.  During 
the  following  decade,  the  industry  suffered  a  decline  accounting  for  10% 
of  the  total  earnings  for  1959.  The  wholesale  and  retail  industry  now  com- 
prised the  largest   amount  with  22%   of  the  total.      Government  earnings  had 
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increased  to    the  largest  constitutent   or   19.2%  of  the  total  by   1969.      The 
wholesale  and  retail  industry  was  second  with  18.  7%  of  the  total. 

F.     Middle  Missouri  River  Tributaries 

Topography 

The  Middle  Missouri  River  Tributaries  subbasin  drains  24,602  square 
miles  of  Iowa  and  smaller  parts  of  Nebraska,  Kansas  and  Missouri.  The 
Little  S..OUX  and  Nodaway  Rivers  are  the  major  tributaries. 

The  subbasin  is  located  entirely  with  the  central  lowlands  province. 
The  area  is  characterized  by  moderately  sloping  lands.  Hilly  contours  are 
found  paralleling  the  course  of  the  Missouri  River. 

Population 

The  population  of  the  subbasin  in  1950  totaled  1,  106,  632.  Of  the  total, 
the  urban  population  represented  53%,  the  nonfarming  rural  population  re- 
presented 21%,  and  the  farming  population  26%.  During  the  following  decade, 
the  population  increased  by  4%  to  1,  146,  365.  The  urban  population  increased 
by  11%  to  comprise  62%  of  the  total.  The  nonfarming  rural  population 
declined  by  less  than  1%  to  constitute  20%  of  the  total.  The  farming  popu- 
lation declined  by  7%  to  comprise  18%  of  the  total.  By  1969,  the  popula- 
tion again  increased  by  4%  to  1,197,824.  The  urban  population  rose  by 
8%  to  67%  of  the  total.  The  nonfarming  rural  population  declined  by  less 
than  1%  to  constitute  19%  of  the  total.  The  decline  in  farming  population 
slowed  to  4%,  comprising  14%  of  the  total. 
Economy 

In  1950,  the  personal  income  of  the  subbasin  totaled  $2,316,299,000. 
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Per  capita  income  averaged  $2,093  or  1.01  relative  to  the  national  figure 
(U.S.  =  1.00).  Earnings  totaled  $1,966,876,000.  Earnings  per  worker 
averaged  $4,602  or  1.01  relative  to  the  national  figure  (U.S.  =1.00).  The 
agricultural,  forestry,  and  fisheries  industries  constituted  28%  of  the  total. 
By  1959  personal  income  had  risen  by  10%  to  $2,615,585,000.  How- 
ever, per  capita  income  rose  to  $2,  282  or  .  93  relative  to  the  national  figure. 
Total  earnings  increased  by  9%  to  $2,  144, 183,  000,  but  earnings  per  worker 
averaged  $4,905  or  .92  relative  to  the  national  figure.  The  agricultural, 
forestry  and  fisheries  industries  still  led  in  earnings  although  the  total  de- 
clined to  12%.  By  1969  personal  income  increased  by  50%  to  $3,916,- 
181,000,  while  per  capita  income  rose  to  $3,269  or  .96  relative  to  the 
national  figure.  Earnings  per  worker  averaged  $6,  323,  or  again  .  92  of  the 
national  figure.  Earnings  now  totaled  $3,109,206,000.  The  wholesale  and 
retail  industry  contributed  18%  of  the  total  earnings  of  while  the  agricul- 
tural, forestry  and  fisheries  industries  contributed  14%. 

G.     Kansas  River 

Topography 

The  Kansas  River  subbasin  drains  60,  744  square  miles  of  Kansas, 
Nebraska,  and  Colorado.  The  majority  of  the  subbasin  lies  in  the  interior 
plains.  This  region  is  subdivided  into  three  areas  which  are  the  south 
central  Loess  hills,  the  high  plains,  and  the  central  Kansas  rolling  plains. 
The  south  central  loess  hills  are  located  mainly  in  Nebraska  and  exhibit 
hilly  and  moderately  sloping  lands  with  level  and  undulating  contours  in  the 
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Platte  River    basin.        The    dune   lands  of  Nebraska  reach  down   across  the 
Platte  River  into  Colorado,   making  the  topography  of  this  area  more  diverse. 
The   high  plains  of  Colorado  characterized  by  moderately  sloping  lands  with 
some   areas   of  level    and   dune    lands.        The   central  Kansas   rolling  plains 
also   contain  a  diverse  topography.      The  region  is  characterized  by  moder- 
ately sloping  land  with  areas  of  level  and  hilly  to  mountainous  terrain. 

Population 

In  1950  the  population  of  the  subbasin  totaled  886,  848.  Of  the  total, 
37%  was  urban,  31%  nonfarming  rural,  and  32%  farming.  By  1959  the  popu- 
lation rose  by  1%  to  895,  285.  The  urban  population  rose  by  8%  to  repre- 
sent 45%  of  the  total,  the  nonfarming  population  rose  by  2%  to  33%,  and 
the  farming  population  declined  by  9%  to  2  3%.  The  population  increased  by 
1%  to  905,699  by  1969.  Of  the  total,  the  urban  population  rose  by  7%  to 
represent  52%,  the  nonfarming  rural  population  declined  by  2%  to  represent 
31%,  and  the  farming  population  declined  by  6%  to  represent  17%. 
Economy 

In  1950,  the  personal  income  of  the  Kansas  River  subbasin  totaled 
$1,  630,  027,  000.  Per  capita  income  averaged  $1,  880  or  .  91  compared  with 
the  national  figure  (U.S.  =  1.00).  Earnings  totaled  $1,  349,  741,  000.  Earn- 
ings per  worker  averaged  $4,  082  or  .  91  of  the  national  figure  (U.  S.  =  1.00). 
By  1959,  personal  income  rose  by  16%  to  $1,  897,  703,  000.  Per  capita  income 
rose  to  $2,  122,  but  declined  in  relation  to  the  national  figure  to  .  87.  Earn- 
ings increased  by  10%  to  $1,  483,  809,  000.  Earnings  per  worker  increased  to 
$4,315,     but  fell    in  comparison  with  the  national  figure  to   .81.      By   1969 
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personal  income  increased  by  50%  to  $2,841,610,000.  Per  capita  income 
rose  to  $3,137  or  .92  of  the  national  figure.  Earnings  rose  by  45%  to 
$2,145,639,000.  Earnings  per  worker  increased  to  $5,620  but  was  .82  of 
the  national  figure. 

The  agricultural,  forestry  and  fisheries  industries  had  the  greatest 
earnings  in  1950,  contributing  36%  of  the  total.  However,  by  1959,  the 
earnings  total  of  the  industry  declined  while  government  earnings  grew  to 
25%  of  the  subbasin  total.  The  agricultural,  forestry  and  fisheries  industries 
comprised  21%. 

In  1969,  Government  still  led  in  total  earnings  comprising  28%  of  the 
subbasin's  total.  The  agricultural,  forestry  and  fisheries  industries  con- 
tributed 20%. 

H.        Lower  Missouri    River  Tributaries  Subbasin 

Topography 

The  Lower  Missouri  River  Tributaries  Subbasin  drains  39,673  square 
miles  of  Missouri  and  small  areas  of  Kansas  and  Iowa.  The  subbasin  con- 
sists of  part  of  the  central  lowlands  and  the  entire  interior  highlands.  The 
central  lowlands  area  is  characterized  by  moderately  sloping  land  with  level 
and  undulating  terrain.  The  interior  highlands  consist  of  the  Ozark  Plat- 
teaus.  This  is  the  only  area  of  rough  terrain  between  the  Appalachian  and 
Rocky  Mountain  Ranges.  It  is  a  result  of  a  dome-uplift  that  has  been  sub- 
jected to  erosion  processes  creating  a  hilly  to  mountainous  terrain. 
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Population 

In  1950,  the  population  of  the  Lower  Missouri  River  Tributaries 
Subbasin  totaled  1,  921,  063.  The  urban  population  comprised  54%  of  the  total, 
the  nonfarming  rural  population  22%,  and  the  farming  population  25%.  By 
1959,  the  population  had  risen  by  12%  to  2,150,713.  Urban  population  in- 
creased by  18%  to  comprise  64%  of  the  total.  The  nonfarming  rural  popula- 
tion increased  by  3%  to  comprise  22%  of  the  total.  The  farming  population 
declined  by  9%  to  comprise  14%  of  the  total.  By  1969,  the  population  again 
increased  by  12%  to  2,402,126.  The  urban  population  increased  by  13% 
to  constitute  68%  of  the  total.  The  nonfarming  population  rose  by  2%  to 
comprise  22%  of  the  total  and  the  farming  population  continued  to  decline 
by  3%  to  comprise  10%  of  the  total. 

Economy 

In  1950  the  personal  income  of  the  subbasin  totaled  3,  586,  810,  000.  Per 
capita  income  averaged  $1,  867  or  .  90  relative  to  the  national  average  (U.  S.  = 
1.00).  Earnings  totaled  $2,958,691,000  for  1950.  Earnings  per  worker 
averaged  $3,  972  or  .  88  compared  to  the  national  figure  (U.  S.  =1.  00). 

By  1959  personal  income  for  the  subbasin  rose  by  38%  to  $4,  936,  946,  000. 
Per  capita  income  also  rose  to  $2,  295,   and   improved  to  .  94   relative  to  the 
national  figure.      Earnings  increased  by   26%  to   $3,990,223,000.      Earnings 
per  worker  rose  to  $4,  781  or  .  89  relative  to  the  national  figure. 

By  1969  personal  income  rose  by  56%  to  $7,682,872,000.  Per  capita 
income  increased  to  $3,198,  but  remained  as  .94  in  comparison  to  the 
national  figure.  Earnings  increased  by  54%  to  $6,133,650,000.  Earnings 
per  worker  averaged  $6,  208  or  .  91  relative  to  the  national  figure. 
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By  1969,  personal  income  rose  by  56%  to  $7,682,872,000.  Per  capita 
income  increased  to  $3, 198,  but  remained  as  .  94  in  comparison  to  the  na- 
tional figure.  Earnings  increased  by  54%  to  $6, 133,  650,  000.  Earnings  per 
worker  averaged  $6,  208  or  .  91  relative  to  the  national  figure. 

Earnings  in  the  subbasin  are  dominated  by  the  urban  flavor  of  the  Kan- 
sas City,  Missouri  area.  In  1950,  the  wholesale  and  retail  industry  com- 
prised the  largest  amount,  21%,  of  the  subbasin' s  total.  The  agricultural, 
forestry  and  fisheries  industries  contributed  18%,  while  manufacturing  was  a 
close  third  comprising  17%.  By  1959,  manufacturing  earnings  had  risen  to 
comprise  22%  of  the  total.  Wholesale  and  retail  industrial  earnings  were 
second  comprising  20%,  while  Government  earnings  were  third  with  15%. 
In  1969,  manufacturing  earnings  remained  the  largest  with  23%  of  the  total. 
Wholesale  and  retail  earnings  comprised  19%  for  second  and  Government 
was  third  with  18%. 

I.     Data  Sources 

Topographical  descriptions  for  each  subbasin  were  derived  from  The 
Missouri  River  Basin  Comprehensive  Framework  Study,  volume  1,  pages 
5-9,    14,   and  15. 

Population  data  were  obtained  from  the  1972  Obers  Projections,  U.S. 
Water  Resources  Council,  volume  4,  pages  64-120.  Totals  were  obtained 
by  adding  appropriate  water  resources  subareas  contained  within  each  sub- 
basin.    The  following  combinations  were  used: 
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1002-1006  =   Upper  Missouri  River  Tributaries 

1007-1010  =   Yellowstone  River 

1011-1014  =    Western  Dakotas  Tributaries 

1016-1017  =    Eastern  Dakotas  Tributaries 

1015,    1018-1022  =    Platte -Niobrara  Rivers 

102  3-1024  =    Middle  Missouri  River  Tributaries 

1025-1027  =    Kansas  River 

1028-1030  =    Lower  Missouri  River  Tributaries 


Population  totals  were  figured  on  the  basis  of  the  subbasin  boundary 
lines  of  Figure  1-1.  Descrepancies  between  Figure  1-1  and  the  aggregated 
water  resources  subareas  (Fig.  2-2),  notably  between  subbasin  3  and  4, 
were  rectified  by  subtracting  the  appropriate  county  populations  from  sub- 
basin 3  and  adding  them  to  subbasin  4. 

Percentages  for  urban,  nonfarming  rural,    and  farming  populations  were 
derived  from  the  County  and  City  Data  Book;  U.S.   Department  of  Commerce, 
Bureau  of  the    Census,     for    the   years    1950,     1962,    and   1972.       By  adding 
the  populations  of  counties  contained  in  the  subbasins  of  Figure  1-1  and  divid- 
ing the  subtotals  for  urban,   nonfarming  rural,    and  farming  populations,  these 
percentages  were  obtained. 

All  figures  for  the  economy  were  obtained  from  the  1972  Obers  pro- 
jections, pages  64-120.  The  subbasins  of  Figure  2-2  were  used  to  calculate 
these  figures. 

Personal  income  is  described  by  the  1972  Obers  projections  as  having 
many  uses.  It  directly  measures  the  size  of  the  consumer  market  and  in- 
directly the  industrial  market.  In  indicates  the  quality  of  a  given  market 
and  the  economic  welfare  of  an  area's  residents.  It  provides  a  measure  of 
an  area's  eonomic  health  and  serves  as  the  principal  component  of  an  ag- 
gregate   designed  to   assess  the   fiscal  ability  of  an   area  to   support   public 
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service   expenditures.        Finally,    personal    income,    in  its   analytical  detail 
furnishes   a   statistical  framework  which  can  be  used  to  explain  the  way  in 
which  an   area  economy  functions  and  through  which  the  impact  of     alterna- 
tive developmental  programs  can  be  evaluated. 

Past  and  present  water  requirements  can  be  analyzed  in  terms  of  per- 
sonal income  and  its  components,  and  water  use  coefficients  can  be  esta- 
blished. That  is,  municipal  water  use  can  be  related  to  total  personal  in- 
come. Water  requirements  in  a  given  industry  can  be  related  to  earnings 
(or  to  earnings  adjusted  to  represent  production)  in  that  industry.  These 
relationships  can  be  projected  and  applied  to  the  projections  of  personal 
income  to  derive  projected  water  use. 

Earning  account  for  about  80%  of  the  personal  income  and  "is  the  ele- 
ment   that  is  affected  most  directly  by  water  resources  development.  " 

Per  capita  income  is  found  by  dividing  the  personal  income  by  total  pop- 
ulation. Earnings  per  worker  are  calculated  by  dividing  total  earnings  by 
total  employment.  Per  capita  income  and  earnings  per  worker  indicate  the 
economic  activity  in  the  area.  These  figures  are  also  compared  to  the  na- 
tional figure  by  equating  the  latter  to  1.00.  This  is  useful  in  determining 
the  level  of  economic  activity  relative  to  the  national  level.  Figures  for 
the  national  averages  are: 

Personal  Income  Earnings  per  worker 

1950 
1960 
1970 

The  national  figures  are  found  in  the  1972  Obers  projections,  volume  1, 
page  38.     All  dollar  figures  are  in  1967  dollars. 


$2,065 

$4,502 

$2,441 

$5,360 

$3,416 

$6,853 

4-1 
IV.     YELLOWSTONE  RIVER 

The  drainage  area  of  the  Yellowstone  River  lies  mainly  within  the 
boundaries  of  Montana  and  Wyoming  (see  Figure  4-1).  The  principal  tri- 
butaries are  the  Clarks  Fork  Yellowstone,  Wind -Bighorn,  Shoshone, 
Tongue  and  Powder.  From  its  headwaters  in  Yellowstone  Park,  the  Yel- 
lowstone River  flows  northeasterly  for  about  600  miles  to  its  confluence 
with  the  Missouri  River  near  Williston,  North  Dakota.  Approximately  fifty 
percent  of  the   flow  at  Oahe  Dam  is  contributed  by  the   Yellowstone   River. 

Precipitation  ranges  from  a  maximum  of  about  50  inches  in  the  western 
mountainous  areas  of  the  basin  to  less  than  12  inches  in  the  Great  Plains. 
During  the  critical  low-flow  period  of  1931  to  1940,  the  mean  annual  pre- 
cipitation at  Glendive,  Montana  was  11.  74  inches  while  the  average  value  at 
Sheridan,  Wyoming  was  14. 33  inches.  The  average  annual  precipitation 
through  1966  for  the  Yellowstone  River  Basin  was  16.  1  inches. 

A.     WATER  SUPPLY 

1.       Surface  Water 

Historic  Flows.  -  The  surface  water  resource  of  the  Yellowstone  River 
Basin  is  summarized  in  Table  4-1.  Shown  are  estimates  of  average  annual 
flows  from  various  studies.  All  significant  current  estimates  (1976)  are 
included  although  some  studies  are  not  listed  (USDI  Water  For  Energy  in 
the  Northern  Great  Plains,  for  example)  because  they  made  use  of  flow  data 
from  one  of  the  sources  shown. 

A  study  of  Table  1  shows  that  the  average  annual  flows  are  sensitive 
to  the  length  of  hydrologic  record  available  or  used.     For  example,   the  value 

of  6.  87  million  acre -feet  (maf)   presented  in  Senate   Document  191    is   based 
on  only    10    years   of    record    which  spanned  a   critical  drought   period.      In 
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Figure  4-1 
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Table  4-1  Average  Annual  Flow  of  Yellowstone  River  Near  Month 


Source  of  Data 


Average    Annual 
Flow(Acre-Ft.) 


Period  of 
Record 


Remarks 


1.     Senate  Document 
No.    191-1944 


6,870,000 


1931-1940 


This    was  one  of  the 
most  critical  low- 
flow  periods  of 
history.     Reflects 
regulation  and 
diversions  during 
that  period. 


2.     Northern  Great 
Plains  Resource 
Program  Study 


8,800,000 


1939-1970 


Adjusted  for  1970 
level  of  develop- 
ment. 


3.     Missouri  River 
Basin  Comprehen- 
sive Framework 
Study 


8,800,000 


1929-1963 


Adjusted  for  1970 
level  of  develop- 
ment. 


4.     U.S.   Geological 
Survey 


9,353,000 


1910-1970 


Flow  reflects  some 
regulation  and 
diversions. 


5.     Westwide  Study 
Report 


9,431,000 


Wyoming 
1948-1968 
Montana  not 
known 


Adjusted  for  1975 
level  of  development. 
Determined  from 
Wyoming  and  Mon- 
tana Data. 


6.     Water  Resources 
Council  1968 
Assessment 


9,980,000 


not  given 


Given  as  average 
annual  natural  run- 
off (does  not  re- 
flect depletions). 


7.     Water  Resources 
Council  1975 
(unpublished) 


8,690,000 


1934-1972  Present  Modified 

Flow  1975  (Amount 
actually  flowing 
out  of  basin). 
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contrast,    an  average   of  9.  35  maf  was   calculated  from  a  sixty  year  record 
of  flows    by    the    U.  S.  G.S.     (Water    Supply    Paper    No.     2116).      The  longer 
the   record,     the  more    likely    the   estimated    average  will  be  to  the   "true" 
average,   provided  that  conditions  do  not  change  significantly. 

In  general,  streamflow  gaging  records  represent  flow  during  a  chang- 
ing level  of  water  resource  development.  Up  until  the  very  early  1900's, 
water  resource  developments  were  few  and  depletions  to  the  natural  water 
supply  were  generally  of  little  consequence.  In  more  recent  periods  however, 
substantial  development  has  occurred  and  streamflow  depletions  have  rapidly 
increased.  Such  changes  obviate  direct  comparative  interpretation  of  annual 
streamflow  records  since  they  do  not  have  the  same  year  to  year  base.  To 
provide  a  consistent  series  of  flow  records  equivalent  to  examined  levels 
of  development,  historical  flows  are  often  adjusted  to  represent  flows  which 
would  have  occurred  had  the  examined  level  of  development  existed  during  the 
entire  period  of  record.  Several  of  the  mean  annual  values  reported  in 
Table  4-1  reflect  such  adjustments  cither  on  the  basis  of  1970  or  1975 
conditions.  Once  the  adjustment  has  been  made,  the  flow  presented  is 
theoretically  representative  of  the  actual  amount  available  for  instream  and 
other  uses  beyond  the  stated  level  of  development.  For  example,  the  value 
of  8. 8  maf  given  by  the  Northern  Great  Plains  Resource  Program  Study 
(NGPRPS)  reflects  depletions  existing  as  of  1970  from  all  uses  including  re- 
servoir evaporation. 

Exclusive  of  the  values  of  6.  87  maf  given  in  Senate  Document  191,  9.  98 
maf  (estimated  natural  streamflow)  by  the  Water  Resources  Council  (WRC) 
and  9.35    maf  from  U.S.  G.S.    records,    the  remaining  values  are   adjusted 
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to  reflect  1970  or  1975  levels  of  depletions.  Most  of  the  adjusted  flows 
are  on  the  order  of  8.  8  maf  except  that  determined  from  the  Westwide  Study 
which  is  9.43  maf.  It  appears  that  part  of  this  difference  can  be  ex- 
plained by  the  use  of  a  1948-1968  period  of  record  by  Wyoming  which  does 
not  reflect  several  drought  periods.  This  is  an  additional  example  of  the 
impact  of  record  length  or  selection  of  record  period  on  evaluation  of  average 
annual  flows.  Unfortunately,  many  reports  do  not  include  the  length  of 
gaging  record  or  a  discussion  of  how  adjustments  in  the  record  were  made. 
This  makes  use  of  reported  values  hazardous  unless  qualifying  information 
is  provided. 

On  the  basis  of  this  evaluation  of  current  assessments  of  water  a- 
vailability  in  the  Yellowstone  Basin,  it  is  concluded  that  the  average  annual 
flow  of  the  Yellowstone  (available  for  use  beyond  1975)  is  approximately 
8.7  maf  (WRC,  1975).  This  value  is  slightly  less  than  the  1970  base  value 
of  8.  8  which  was  determined  through  extensive  analyses  by  the  Missouri 
River  Basin  Interagency  Committee.  Increased  depletions  during  the  1970 
to  1975  period  support  the  slightly  lower  figure,  however. 

Regulation  -  Wherever  streams  are  impounded  for  water  resource  de- 
velopment, a  change  in  regime  of  the  flows  downstream  of  the  control  struc- 
ture (usually  a  dam)  results.  The  degree  of  regulation  at  a  given  location 
depends  upon  the  proximity  to  a  control  structure  or  structures  and  the  capa- 
city of  the  reservoir  or  reservoirs  for  storing  streamflow.  In  the  Yellow- 
stone Basin  there  are  a  number  of  reservoirs  and  the  potential  for  additional 
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storage  development  exists.  The  major  reservoirs  in  the  basin  are 
identified  in  Table  4-2.  The  largest  of  these  are  the  Boysen  and  Bighorn 
(Yellowtail)  with  total   storage  capacities  of  0.  952   maf  and     .  375  maf  re  - 

spectively. 

Regulation  by  reservoirs  dampens  out  extremes  of  flow  which  would 
occur  under  natural  conditions  and  in  the  limit  permits  development  of  the 
average  annual  level  of  flow  (approached  but  not  actually  achieved  in  prac- 
tice). 

Uncertainty  and  Flow  Variability  -  The  long-term  potential  for  water  re- 
source development  is  predicated  on  the  average  annual  flow  of  the  basin. 
While  this  value  is  representative  of  the  volume  of  water  which  can  be  ge- 
nerated annually,  it  does  not  indicate  the  variability  of  natural  flows  from 
year  to  year.  With  a  highly  regulated  stream,  it  would  be  possible  to  ap- 
proach the  average  annual  flow  as  a  safe  or  dependable  yield  but  in  most 
river  basins  this  condition  is  not  met  and  there  are  sometimes  extreme 
variances  in  flows  generated  from  one  year  to  the  next.  Unfortunately, 
the  greatest  flow  variations  are  usually  encountered  in  those  regions  where 
precipitation  and  hence  water  supply  is  most  limited. 

To  understand  the  water  supply  situation  in  the  Yellowstone  Basin  it  is 
important  to  review  past  histories  of  flow  variability.  Variability  at  selected 
locations  in  the  basin  is  indicated  in  Table  4-3  and  on  Figures  4-2  to 
4-5  where  the  location  numbers  refer  to  the  numbers  shown  on  Figure  4-1. 
In  addition  to  annual  flow, variability  there  is  also  the  problem  of  variability 
on  daily,  monthly,  and  other  bases.  Many  of  the  streams  in  the  basin  ex- 
perience wide  variation  in  flow,  with  some  reaching  zero  at  times.  This 
situation  is  depicated  in  Table  4-4. 
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Table  4-3 
Flow  Variability  At  Selected  Locations  in  the  Yellowstone  Basin* 


River  and  Location 


Maximum  Annual 
Flow  (Acre-Feet) 


Critical  Year        Average  Annual 
Flow  (Acre-Feet)     Flow  (Acre-Feet) 


Yellowstone  Basin: 

Yellowstone  near  Sidney   -   1  12,690.000 

Powder  near  mouth  -  2  1. 154,  000 

Tongue  near  mouth  _  3  569,000 

Wind-Bighorn  near  mouth  -  4  3,  607,  000 

Clarks  Fork  Yellowstone  -  5  1, 124,  000 


3,720,000 

43,000 

32,000 

1,429,000 

538,000 


8,800,000 
416,000 
304,000 

2,  550,000 
767,000 


Mean  Annual  Flow  of 

Yellowstone  River  Near 

Sidney,   Montana  1960-1969 


Year 

1960 
1961 
1962 
1963 
1964 
196  5 
1966 
1967 
1968 
1969 


Average  Annual  Flow  (Acre -Feet ) 

5,001,000 

4,797,000 
10,560,000 

9,407,000 

9,787,000 
12,940,000 

5,397,000 
11,700,000 
11,010,000 

9,  381,000 


^Northern  Great  Plains  Resource  Program,  Water  Work  Group  Report, 
December  1974  and  U.S.G.S.  Water  Supply  Papers  No.  1916  (1969)and 
2116    (1974  ). 


Table  4-4 
Short  Period  Flow  Variability  in  the  Yellowstone  Basin* 


Recorded 

Recorded 

Computed 

Minimum  Flow 

Maximum  Flow 

Average  Flow 

River  and  Location 

(c.f.  s.) 

(c.f.s.) 

(c.f.s.) 

Yellowstone  at: 

Corwin  Springs 

389 

32.000 

3,  110 

Livingston 

590 

- 

3,  740 

Billings 

430 

66,100 

6,860 

Miles  City 

996 

96, 300 

11, 330 

Sidney 

470 

159,000 

13,030 

Clarks  Fork  Yellowstone  at: 

Edgar 

36 

10,900 

1,060 

Wind -Bighorn  at: 

Riverton 

10 

13,300 

940 

St.  Xavier 

228 

37,400 

3,  550 

Bighorn 

275 

- 

3,850 

Tongue  River  at: 

Decker 

4 

7,480 

450 

Miles  City 

0 

13,  300 

420 

Powder  River  at: 

Arvada 

0 

100,000 

270 

Locate 

0 

- 

620 

Note  that  flows  are  either  instantaneous  minimums  where  there  is  little  or 
no  regulation,   or  minimum  daily  where  regulation  exists. 

^Northern    Great   Plains    Resource    Program,     Water    Work  Group  Report, 
December  1974,   p.    17. 
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Figure  4-2  YELLOWSTONE  RIVER  NEAR  SIDNEY, 
MONTANA  1912-1963 
(location  1) 
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Figure  4-3   YELLOWSTONE  RIVER  AT  BILLINGS, 
MONTANA  1929-1963 
(location  6) 
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Figure  4-4   BIGHORN  RIVER  NEAR  ST.  XAVIER, 
MONTANA  1935-1963 
(location  7) 
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Figure  4-5   POWDER  RIVER  AT  MOORHEAD, 
MONTANA  1930-1963 
(location  8) 
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From  Table  4-3  it  is  seen  that  the  critical  annual  low  flow  of  record 
for  the  Yellowstone  River  at  Sidney,  Montana,  is  about  42  percent  of  the 
average  annual  flow.  Figure  4-2  shows  that  10  percent  of  the  time  the 
annual  flows  at  that  location  can  be  expected  to  be  less  than  or  equal  to 
about  67  percent  of  the  average  annual  flow.  This  would  mean  that,  on  the 
average,  once  every  10  years  the  annual  flow  could  be  expected  to  be  less 
than  or  equal  to  about  5.  8  maf.  Figure  4-5  shows  that  for  the  less  regulated 
Powder  River  at  Moorhead,  Montana,  the  annual  flow  will  be  less  than  or 
equal  to  about  53  percent  of  the  mean  annual  flow  once  in  10  years  (on  the 
average).  Such  flow  variability  must  be  considered  in  planning  to  use  and/ 
or  develop  the  basin's  water  resources.  It  is  clearly  erroneous  to  plan 
on  even  approaching  the  availability  of  the  average  annual  flow  on  a  year  to 
year  basis  unless  a  high  degree  of  regulation  is  in  effect.  Some  risk  is 
associated  with  any  level  of  water  resources  development  and  unless  the 
probability  of  not  meeting  targets  is  calculated,  serious  shortages  or  con- 
flicts are  likely  to  result.  There  is  always  some  uncertainty  but  if  this 
is  recognized  and  planned  for,  difficulties  can  be  minimized.  Plans  for 
future  development  of  the  Yellowstone's  water  resources  should  incorporate 
risk  analyses  and  provide  operating  policies  which  recognize  the  nature  of 
water  supply  variability.  Unless  this  is  done,  rational  decisions  will  be 
impeded  or  precluded. 

Viewed  at  Sidney,  Montana,  the  average  annual  flow  of  the  Yellowstone 
adjusted  to  the  1975  depletion  level  is  approximately  8.  7  maf.  About  10 
percent  of  the  time,  i.  e.  ,  one  year  in  10,  the  annual  flow  can  be  expected 
to  be  about  5.  8  maf.  or  less  under  the  1975  level  of  regulation.  On  the  same 
basis,  the  annual  flow  can  be  expected  to  about  7  maf.  or  less  about  25 
percent  of  the  time. 
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2.     Water  Quality 

Surface  Water.  -  Water  quality  within  the  basin  is  generally  satisfactory 
for  irrigation,  livestock  watering,  recreation,  fish  and  wildlife,  and  muni- 
cipal and  industrial  purposes. 

A  principal  water  quality  parameter  which  relates  to  the  suitability  of 
water  for  these  uses  is  salinity  concentration  measured  as  total  dissolved 
solids  (TDS).  Waters  with  TDS  less  than  about  500  parts  per  million  (ppm) 
are  used  for  irrigation  without  salinity  problems  under  normal  conditions. 
Waters  with  TDS  of  about  5,  000  ppm  normally  have  little  value  for  irriga- 
tion unless  used  as  an  alternate  supply.  Within  these  limits,  the  value  of 
the  water  generally  decreases  as  the  salinity  increases.  Table  4-5  shows 
data  for  several  locations  for  which  concentrations  have  been  weighted  to 
give  average  salinity  concentration  under  the  1970  level  of  water  resources 
development. 

Another  important  measure  of  water  quality  is  the  relationship  of  dis- 
solved oxygen  (DO)  to  biochemical  oxygen  demand  (BOD)  concentrations  in 
the  water.  Although  few  data  on  DO  and  BOD  concentrations  are  available, 
indications  are  that  under  the  1970  level  of  development,  few  serious  pro- 
blems of  dissolved  oxygen  depletion  exist  in  the  Upper  Missouri  River 
basin. 

Excessive    suspended   sediment  is   generally  undesirable   for  municipal, 
industrial,   recreational,    and  fish  and  wildlife  uses.      Concentration  of  sus- 
pended sediment  varies  widely  throughout  the  basin  and  is  also  dependent  on 
time  of  the  year.    Average   sediment  loads   at  the  mouths  of  the   Powder  and 

37  U.  S.  Dept.  of  Interior,  Water  for  Energy  Management  Team,  "Report 
on  Water  for  Energy  in  the  Northern  Great  Plains  Area  with  Emphasis 
on  the  Yellowstone  River  Basin,    "Washington,   D.  C. ,   January  1975. 


Table  4-5 


Average  Concentration  of  Total  Dissolved  Solids 
(With  1970  Level  of  Water  Resources  Development)* 


Stream  and  Station 
Number  and  Location 


Average 

Annual 

Flow 

(Acre-Feet) 


Average 
TDS 
Concentration 
(ppm) 


Yellowstone  River 
Sidney,   MT 
Miles  City,   MT 

Powder  River 
Moorhead,   MT 

Tongue  River 
Miles  City,   MT 

Bighorn  River 
St.  Xavier,   MT 


8,800,000 

444 

8,102,000 

396 

321,800 

1,226 

304,  400 

496 

2,406,900 

613 

•  "Report  on  Water  for  Energy  in  the  Northern  Great  Plains  Area  with  em- 
phasis on  the  Yellowstone  River  Basin,"  U.S.D,  I. ,  Water  for  Energy  Ma- 
nagement Team,   January,   1975. 
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and  Yellowstone     River  are      reported  to     be   0.40   and  0.27   acre-feet  per 

SJ 

square  mile  per  year,    respectively. 

Ground  Water.  -  Chemical  quality  of  ground  water  in  the  shallow  sand- 
stone aquifers  and  alluvial  aquifers  along  major  streams  ranges  from  about 
1,000  ppm  to  about  5,000  ppm  of  dissolved  solids.  This  range  appears  to  be 
characteristic  of  shallow -bedrock  and  alluvial  aquifers,  with  no  apparent 
pattern  of    greater  concentrations  with    increased  depth    in  existing  wells. 

The  chemical  quality  of  water  in  the  deep  Madison  formation  is  variable. 
Dissolved  solids  content  ranges  from  less  than  1,000  ppm  near  the  Black 
Hills  to  about  2,  000  ppm  in  the  Powder  River  basin,  but  is  known  to  exceed 
100,  000  ppm  in  some  areas  of  western  North  Dakota.  This  quality  range  re- 
presents sampling  from  a  limited  number  of  wells  and  the  data  are  not  con- 
sidered adequate  for  a  general  water  quality  appraisal. 

It  appears  that,  without  treatment,  most  of  the  groundwater  in  the  North- 
ern Great  Plains  Area  is  of  marginal  or  unsuitable  chemical  quality  for 
human  consumption  and  many  industrial  processes. 

3.     Water  Supply  Augmentation  Prospects 

Weather  Modification.  -  In  1973,  the  Bureau  of  Reclamation  undertook 
studies  to  assess  the  potential  increase  in  water  supply  which  could  result 
from  weather  modification  in  the  Upper  Missouri  River  Basin.  The  studies 
indicate  that   seeding  winter  orographic  storms  in  the  headwater  region  could 


TT7  U.  S.  Dept.  of  Interior,  Water  for  Energy  Management  Team,  "Report 
on  Water  for  Energy  in  the  Northern  Great  Plains  Area  with  Emphasis 
on  the  Yellowstone  River  Basin,    "Washington,   D.  C.  ,   January  1975. 
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Table  4-6 

Potential  Additional  Water  to  the  Upper  Missouri  Basin 
by  Weather  Modification* 


Weather  Modification 


Drainage 
area 
bq  mi 


Avg.   annual 

runoff 
1,000    acre -ft 


Area 

affected 

Sq  Mi 


UPPER  MISSOURI  TRIBUTARIES 


Milk  River  at  Milk 


Incremental 

runoff 
1,000  acre -ft 


River,  Alberta 

1,036 

278 

157 

6 

Marias  River  near 

Shelby 

3,242 

728 

491 

74 

Teton    River  near 

D  alt  on 

1,  308 

118 

212 

22 

Sun  River  near 

Vaughn 

1,854 

579 

736 

85 

Missouri  River  at 

Canyon  Ferry  Res. 

15,904 

3,663 

Subtotal 

9,973 

767 
954 

YELLOWSTONE 

Yellowstone  River 
at  Billings 

Wind  River  at 
Boysen  Res. 

Greybull  River  at 
Meeteetse 

Shoshone  River  at 
Buffalo  Bill  Res. 


Other 

Total    Upper  Missouri  (above  Sioux  City,   Iowa) 

Source  of  Data:     Twelve   Basin  Investigation,    prepared  for  USBR  by  North 

American  Weather  Consultants,   Vol.   2,   December  31,   1973. 
*U.  S.   Dept.    of  Interior,    Water  for  Energy   Management  Team,    "Water  for 

Energy  in  the  Northern  Great  Plains  Area  with  Emphasis  with  Yellowstone 

River  Basin". 


11,795 

5,  311 

5,161 

536 

7,  701 

997 

1,964 

126 

681 

237 

512 

46 

1,  538 

797 
Subtotal 

1,501 

126 
834 

49 

k  City, 

Iowa) 

1,837 
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yield  up  to  1.8  maf  of  additional  water  annually.  In  the  Yellowstone,  an 
additional  0.83  maf  per  year  could  be  generated  according  to  the  Bureau's 
assessment  (Table  4-6).  This  determination  was  based  on  an  October 
through  April  cloud  seeding  period.  If  extended  through  the  months  of  May 
and  June,  a  further  increment  of  20  to  35  percent  could  be  developed.  The 
realities  of  this  are  not  yet  upon  us  and  many  legal,  environmental  and 
social  issues  related  to  weather  modification  are  yet  unresolved  but  it  ap- 
pears that       the   potential      for   increased     precipitation     through     weather 

V 

modification  practices  is  feasible  for  the  Yellowstone  Basin.  Increases 

of  the  order  of  magnitude  estimated  by  the  Bureau  would  be  significant. 

Importation  of  Water.  -  It  is  feasible  to  augment  the  water  supply  of  the 
Yellowstone  Basin  by  importation  of  water  from  the  main  stem  of  the  Mis- 
souri River.  Questions  related  to  legality  of  such  transfers  and  other  issues 
would  need  resolution  before  such  transfers  could  be  implemented,   however. 


"77  U.  S.  Dept.  of  Interior,  Water  for  Energy  Management  Team,  "Report 
on  Water  for  Energy  in  the  Northern  Great  Plains  Area  with  Emphasis 
on  the  Yellowstone    River    Basin,"    Washington,     D.  C. ,     January   1975. 
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B.        EXISTING  WATER  RESOURCES   DEVELOPMENT  AND  USE 
1.     Surface  Water 

The  principal  categories  of  water  use  requiring  withdrawal  are 
domestic,  industrial,  irrigation,  minerals,  steam- electric  and  livestock. 
Other  uses  are  principally  instream  and  relate  to  water  requirements  for 
hydro- power  production,  navigation,  recreation,  fish  and  wildlife  preserva- 
tion and  water  quality  control. 

It  is  important  to  distinguish  between  quantities  of  water  which  are 
withdrawn  for  various  purposes  and  quantities  of  water  which  are  consumed 
in  satisfying  these  uses.  Waters  withdrawn  may  be  returned  totally  or  partial- 
ly to  their  source  for  further  use  downstream.  Of  particular  interest,  there- 
fore, is  the  fraction  of  water  which  is  consumed  by  the  use,  i.  e. ,  no  longer 
available  for    any  other  purpose. 

A  summary  of  estimated  annual  streamflow  depletions  or  total  an- 
nual consumptive  use  by  several  categories  for  the  Yellowstone  Basin  is  given 
in  Table  4-7.  These  figures  indicate  that  the  1975  level  of  streamflow 
depletions  is  approximately  2.5  maf  per  year.  If  the  average  annual  unde- 
pleted  streamflow  level  is  8.  7  maf  per  year,  the  estimated  undepleted  out- 
flow from  the  basin  on  an  average  annual  basis  would  be  about  11.2  maf. 
This  figure  is  academic  in  that  it  will  not  be  realized  under  current  or  future 
levels  of  development  but  it  is  not  a  technical  impossibility  for  current  levels 
of  depletions  to  actually  be  reduced  or  for  added  future  depletions  to  be  mini- 
mized by  the  application  of  current  or  emerging  technology.  Considering 
that  on  the  order  of  80  to  85  percent  of  all  consumptive  use  in  the  Yellowstone 
Basin  is  related  to  irrigated  agriculture,  it  is  easy  to  see  that  even  a  10  per- 
cent reduction  in  this  figure  could  free  about  250,000  acre  feet  of  water  per 
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year  for  other  purposes  at  the  1975  level  of  development.  If  such  a  reduction 
were  made  through  more  efficient  use  of  water,  no  decrease  in  agricultural 
yield  would  result  and  increases  might  even  be  experienced. 


Table  4-7 


Annual  Consumptive  Use  or  Streamflow 
Depletion  in  the  Yellowstone  River 
Basin  -  1000  (acre-feet) 


Agency  or 
Source 


Type  of  Use 


Municipal     Minerals     Irrigation     Steam- 
and  In-  Elec- 

dustrial  trie 


Evapora- 
tion 

(Reser- 
voir) 


Other     Total* 


1. 


WRC1968 
Assess 
ment 
(1965  level) 


22 


2,435 


not 
included 


19         2,477 


2.  Water  for 
Energy  in 
the  Northern 
Great  Plains 
Area  (1970 
level  ) 


1,948 


370 


117         2,435 


3.    Westwide 
Study 
(1975  level) 


65 


57  2,005 


372 


49         2,550 


WRC 
1976 
Esti- 
mates 
(1975  level) 


26 


47  2,245 


139 


81  2,541 


:Total  consumptive  use  -  includes  some  groundwater  not  directly  linked  to  stream 
systems. 
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C.     PROJECTED  WATER  NEEDS 

For  all  projections  except  those  made  by  the  State  of  Montana,  the 
average  annual  water  supply  of  the  Yellowstone  River  Basin  is  adequate  to 
meet  the  anticipated  needs  of  the  basin  to  the  year  2000.  This  is  based  on 
the  average  annual  flow  reported  in  Table  4-1  and  the  projected  incremental 
depletions  (1970-2000)  given  in  Table  4-8.  Deducting  the  maximum  projected 
depletion  of  1.  3  maf  from  the  average  annual  flow  of  8.  7  maf  gives  a  year 
2000  surplus  of  7.  4  maf.  If  the  maximum  and  minimum  estimated  instream 
flows  requirements  are  deducted,  respective  surpluses  of  2.  1  and  3.  2  maf 
are  still  indicated  for  the  year  2000  if  the  streamflow  is  at  the  average 
level.  It  should  be  pointed  out  however  that  in  about  one  year  in  ten,  the 
annual  flow  is  less  than  or  equal  to  about  5.  8  maf.  On  this  basis,  a  short- 
age of  approximately  0.  8  maf  would  occur  if  the  maximum  reported  instream 
flow  use  prevailed.  Montana's  estimate  of  the  instream  flow  requirement 
is  7  maf.  This  would  still  indicate  borderline  adequacy  during  an  "average" 
year.  However,  Montana's  estimates  of  additional  irrigation  water  use  (1.  - 
6  maf)  which  are  much  greater  than  other  current  estimates  combined  with 
their  other  expected  depletions  and  instream  flow  requirements  would  result 
in  deficiencies  in  even  the  average  year. 

Because  the  instream  flow  requirements  reported  herein  are  tentative 
and  subject  to  significant  error,  caution  in  their  use  is  recommended  and 
they  should  be  valued  primarily  as  rough  indicators.  What  is  significant  for 
the  Yellowstone  and  other  subbasins  of  the  Missouri  River  is  the  fact  that 
instream  demands  may  be  substantial  and  if  they  are  met,  trade-offs  with 
other  uses  will  be  required,   particularly  during  periods  of  low  flow. 


Table    4-8 

Incremental  Streamflow  Depletions  or  Consumptive  Use 
in  the  Yellowstone  -  River  Basin 
1000  (acre-feet) 


Type 

of  Use* 

Agency 

or 
Source 

Municipal 
&  In- 
dustrial 

En- 
ergy 

Irriga- 
tion 

In-           Other 
Stream 

Total 
With 
out  In- 

stream 

Total 
With 
In 
stream 

1.     Water  for 
Energy  in  the 
Northern 
Great  Plains 
area  (1970- 
2000) 

130 
130 

267 
616 

360 
540 

4217             62 
4217             62 

819 
1348 

5036 
5565 

2.     WRC  1976  Es- 
timates (1975- 
2000)*** 

3 

188 

1100 

5330***      23 

1314 

6644 

3.     Missouri  River 
Basin  Compre- 
hensive Frame- 
work Study 
(1970-2000)**** 

461 

42 

742 

not 

given           1 9 

1264 

^Figures  may  not  fully  reflect  Indian  water  development  aspirations. 

**Estimated increases  are  based  on  WRC  preliminary  data  for  1975  assess- 
ment. 

***Instream  flow  approximation  is  defined  as  a  flow  regime,  consisting  of 
quantitative  expressions  of  judgmental  estimates  of  monthly  flows  at  the 
outflow  point(s)  of  a  basin  sufficient  to  support  the  habitat  of  aquatic  life 
forms  and  outdoor  recreation:  solely  as  input  to  the  environmental  alter- 
native policy  run  of  the  agricultural  assessment  being  made  by  the  Agri- 
cultural Resource  Assessment  System  Technical  Committee,  and  the  volu- 
metric adequacy  analysis  being  made  by  WRC  staff  as  part  of  the  1975 
national  assessment.  These  values  are  preliminary  and  may  be  subject 
to  significant  change. 


****Estimated  increases 
ment  are  not  shown. 


in  water   availability  through   precipitation  manage- 
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V.     UPPER  MISSOURI  RIVER  TRIBUTARIES 

The  drainage  area  of  the  Upper  Missouri  River  Tributaries  lies  mostly 
within  the  boundaries  of  Montana  but  the  northernmost  portion  is  in  Canada 
and  a  small  section  is  within  Wyoming  (see  Figure  5-1).  The  principal  tri- 
butaries are  the  Milk,  Marias,  Madison,  Galatin,  Jefferson,  Judith,  and 
Musselshell.  The  uppermost  of  the  main- stem  reservoirs,  Fort  Peck,  lies 
within  the  drainage  area. 

Precipitation  varies  from  an  average  annual  low  of  about  10  inches  per 
year  in  the  lower  river  reaches  to  about  25  inches  per  year  in  the  western 
mountainous  area.  The  average  annual  precipitation  for  the  entire  region  was 
reported  as  15.2  inches  in  1966  with  a  minimum  of  8.6  inches  for  a  single 
year. 

A.     Water  Supply 
1.     Surface  Water 

Historic  Flows  -  The  surface  water  resource  of  the  Upper  Missouri  River 
Tributaries  is  summarized  in  Table  5-1.  Excluding  the  values  of  4.63  maf 
given  in  Senate  Document  191  for  a  critical  low-flow  period  (does  not  include 
flows  from  the  entire  region  considered),  7.32  maf  from  U.  S.  G.  S.  records 
and  9.  34  maf  (estimated  natural  streamflow)  by  WRC  (1968),  the  remain- 
ing values  are  adjusted  to  reflect  1970  or  1975  levels  of  depletions. 
On  the  strength  of  most  estimates,  it  would  appear  that  at  the  1975  level 
of  development,  the  average  annual  flow  available  for  future  use  is  appro- 
ximately 7.  3  maf.  The  value  estimated  by  the  Water  Resources  Coun- 
cil in  1976  (7.  78  maf)  is  somewhat  higher  than  this  but  it  was  based  on 
a  short  record  of  11  years  and  the  latter  part  of  that  period  witnessed 
above -normal  precipitation.      A  more  conservative  figure  of  about  7.  3  to  7.  5 
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Table  5-1      Average  Annual  Flow  Upper  Missouri 
River  Tributaries  at  Culbertson,   Montana 
(Figure  5-1,   location  1) 


Source  of  Data         Average  Annual         Period  of  Record 
Flow  (Ac re -Ft. ) 


Remarks 


Senate  Document     4,  6  30,  000 
No.    191-1944  Missouri  River 

at  Fort  Peck 


1931-1940  One  of  the  most  critical 

low  flow  periods  of  record. 
Prior  to  Fort  Peck  Re- 
servoir.    This  flow  does 
not  encompass  the  entire 
basin  (see  Figure  5-1 
location  4) 


Northern  Great        7,  2  67,  000 
Plains  Resource 
Program  Study 


1943-1970  Adjusted  for  1970  level 

of  development. 


Missouri  River 
Basin  Compre- 
hensive Frame- 
work Study 


7,267,000 


1943-1970  Adjusted  for  1970  level  of 

development. 


U.S.   Geological      7,317,000 
Survey 


1943-1970  Flow  reflects  regulation 

and  diversions. 


Westwide  Study        7,325,000 
Report 


not  given 


Adjusted  for  1975  depletion 
level 


Water  Resources    9,340,000 
Council  1968 
Assessment 


not  given 


Given  as  average  annual 
natural  runoff  (does  not 
reflect  depletions) 


Water  Resources    7,780,000 
Council  1976 
(unpublished) 


1961-1972  Present  modified  flow  1975 

(amount  actually  flowing 
out  of  basin). 
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maf  might  therefore  be   safer  for  use   in  making  future   projections  of  water 
availability  under  proposed  levels  of  development. 

Regulation  -  In  the  Upper  Missouri  River  Tributaries  there  are  a  number 
of  existing  reservoirs  which  serve  to  regulate  the  flow.  The  most  significant 
ones  are  listed  in  Table  5-2.  The  largest  of  these  are  Tiber,  Canyon  Ferry 
and  Fort  Peck  with  total  storage  capacities  of  1.368  maf,  2.051  maf  and 
19.100  maf  respectively.  Other  reservoir  sites  also  exist,  the  most  signi- 
ficant of  these  being  Fort  Benton.  According  to  the  Missouri  River  Basin 
Comprehensive  Framework  Study,  about  3.  1  maf  additional  storage  is  needed 
in  the  Upper  Missouri  Subbasin  by  the  year  2020. 

Uncertainty  and  Flow  Variability  -  Flow  variability  at  selected  locations 
in  the  Basin  is  indicated  on  Table  5-3  and  on  Figures  5-2  and  5-3  where  the 
location  numbers  refer  to  the  numbers  shown  on  Figure  5-1  .  For  the  period 
1960  to  1969,  the  flows  near  Culbertson  (location  1)  ranged  from  4.41  maf  to 
10.61  maf  or  from  60  percent  to  145  percent  of  the  average  annual  flow. 
Figure  5-2  shows  that  about  10  percent  of  the  time  the  flow  in  the  Milk 
River  near  its  north  is  about  38  percent  of  the  mean  annual  flow  or  less. 
That  is  to  say,  on  the  average,  once  every  10  years,  this  flow  can  be 
expected  to  be  less  than  or  equal  to  about  38  percent  of  the  mean.  Figure 
5-3  illustrates  the  variability  of  flow  in  the  Musselshell  River.  For  this 
stream,  the  flow  can  be  expected  to  be  less  than  or  equal  to  only  about  25 
percent  of  the  average  annual  flow  about  one  year  in  ten.  Figures  5-2  and 
5-3  and  Table  5-3  illustrate  the  variable  nature  of  flow  in  the  Upper  Mis- 
souri River  Tributaries.  While  this  variability  can  be  reduced  by  developing 
additional  storage  and  regulatory  facilities,  it  must  be  considered  in  all  plan- 
ning processes. 
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Table  5-2      Major  Reservoirs  Affecting  Flows  in  the  Upper 
Missouri  River  Tributaries* 


Basin 


Reservoir  Name 


Agency" 


Total  Capacity" 


Upper  Missouri 


(Acre-feet) 

Clark  Canyon 

BR 

257,000 

Kermis  on 

BR 

9,000 

Tiber 

BR 

1. 

368,000 

Ruby 

Mont. 

39,000 

Willow  Creek 

Mont. 

17,000 

Hyalite 

Mont. 

8,000 

Deadman's  Basin 

Mont. 

57,000 

Canyon  Ferry 

BR 

2, 

051,000 

Fort  Peck 

CE 

19 

,  100,  000 

Nelson 

BR 

85,000 

*Missouri  River  Basin  Comprehensive  Framework  Study,   1971. 
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Table  5-3     Flow  Variability  of  Missouri  River  near 
Culbertson,   Montana  (location  1)* 


Mean  Annual 
Year  Flow  (Acre-Feet) 

6,171,000 

6,444,000 

5,764,000 

4,409,000 

4,904,000 

10,610,000 

7,603,000 

9,599,000 

7,998,000 

9,514,000 


1960 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

*U.  S.G.  S.  Water  Supply  Papers  No.   1916  (1969)  and  2116  (1974), 
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Figure  5-2  MILK  RIVER  AT  NASHUA, MONTANA 
1940-1963 
(location  2) 
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Figure  5-3   MUSSELSHELL  RIVER  AT  MOSBY, 
MONTANA  1931,1932,1935-1963 
(location  3) 
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2.  Water  Quality 

Surface  Water-  Water  quality  degradation  in  the  Upper  Missouri  River 
Tributaries  stems  mostly  from  agricultural  operations  and  mining.  Sediment 
derived  from  erosion  of  farmed  lands  by  over-grazing  of  animals  and  irrigation 
practices  is  an  important  factor.  The  increase  in  salinity  related  to  irrigation 
return  flows  is  also  a  problem  as  well  as  chemical  quality  changes  resulting 
from  drainage  from  old  mining  sites.  A  severe  erosion  and  sedimentation 
problem  is  in  evidence  on  Muddy  Creek,  a  tributary  of  Sun  River.  Each  year 
about  200,  000  tons  of  sediment  are  contributed  to  Sun  River  by  Muddy  Creek 
which  consists  mainly  of  irrigation  return  flows  and  systems  wastes. 

Groundwater 

The  quality  of  Montana's  groundwater  resource  varies  from  adequate 
to  poor  due  to  excessive  mineralization. 

3.  Water  Supply  Augmentation  Prospects 

Weather  Modification  -  In  1973,  the  Bureau  of  Reclamation  estimated  that 
about  0.  954  maf  of  water  per  year  could  be  generated  in  the  Upper  Missouri 
River  Tributaries  by  seeding  winter  orographic  storms  (See  Table  4-6  ). 
If  the  seeding  operations  were  continued  through  May  and  June,  it  was  further 
estimated  that  another  increment  of  about  20  to  35  percent  could  be  developed. 
While  this  form  of  augmentation  faces  various  problems  and  is  not  yet  opera- 
tional,   it   should  be  considered  in  studies  related  to  future  development  of  the 


78-913   O  -  77  -  8 
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B.     EXIS  <  v'ATER  RESOURCES  DEVELOPMENT  AND  USE 

1.     Surface  Water 

A  summary  of  estimated  annual  streamflow  depletions  or  total  annual 
consumptive  use  by  several  categories  for  the  Upper  Missouri  River  Tri- 
butaries is  given  in  Table  5-4.  Values  shown  range  from  2.06  maf  per 
year  to  3.  57  maf  per  year.  Most  of  this  variation  is  due  to  inconsistency 
in  estimates  of  irrigation  depletions  by  the  several  agencies.  Because  ir- 
rigation constitutes  the  majority  of  all  water  use  in  the  basin,  it  is  apparent 
that  attention  should  be  focused  on  the  reliability  and  nature  of  these  estimates. 
For  example,  an  overestimate  of  only  5  percent  of  irrigation  water  depletions 
at  the  1975  level  would  exceed  100,000  acre-feet  of  water  per  year  (based 
on  the  majority  of  current  estimated  totals)  or  enough  water  to  support  5  or 
more  coal  slurry  pipelines  of  the  type  proposed  by  Energy  Transportation 
Systems,  Inc.   (Wyoming  to  Arkansas,   20,  000  acre-feet/year). 
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Table  5-4  Annual  Consumptive  Use  or  Streamflow 

Depletion  in  the  Upper  Missouri  River  Tributaries 
Basin  -  (1000  acre -feet) 


Type  of  Use 

Agency  or 
Source 

Municipal 

and 
Industrial 

Minerals     Irrigation 

Steam  - 
Elec- 
tric 

Evapora- 
tion 

(Reser- 
voir) 

Other 

Total 

1.     WRC  1968 
Assess- 
ment 

13 

2,555 

0 

-- 

20 

2  588** 

2. 

Westwide 
Study* 

56 

0 

1,480 

0 

369 

155 

2060 

3. 

WRC  1976 

Estimates* 

21 

6 

1,900 

0 

710 

124 

2761 

4. 

Water  Use 

32 

- 

3  ,  150 

0 

369*** 

21 

3572 

*        Total  Consumptive  use  -  includes  some  groundwater  not  directly  linked  to 
stream  systems. 

**     Does  not  include  reservoir  evaportation. 

***  Westwide  estimate  of  evaporation  used. 
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C.     Projected  Water  Needs 

During  years  with  flows  near  the  average,  it  appears  that  an  adequate 
supply  of  water  to  meet  projected  water  uses  in  the  Upper  Missouri  River 
Tributaries  is  available  to  the  year  2000.  If  an  average  annual  flow  value 
of  7.  3  maf  (Table  5-1)  is  used,  and  an  incremented  depletion  to  2000  of 
1.9  maf  is  deducted,  the  depleted  flow  at  the  year  2000  would  be  5.4  maf. 
If  instream  flow  requirements  are  imposed,  a  surplus  of  0.  8  maf  would  still 
exist  during  an  "average"  year.  The  flow  in  the  Upper  Missouri  River 
Tributaries  is  variable  however,  as  indicated  in  Table  5-3.  The  average 
low-flow  for  two  consecutive  years  for  the  ten  year  record  shown  in  Table 
5-3  is  4.  7  maf.  On  this  basis  a  deficit  would  be  noted  and  instream  and/or 
other  uses  would  have  to  be  curtailed. 
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Table  5-5     Incremental  Streamflow  Depletions  or  Consumptive  Use 
in  the  Upper  Missouri  Tributaries  -  River  Basin 
(1000  acre-feet) 


Type  of  Use 

* 

Agency 
or 
Source 

Municipal 
&  In- 
dustrial 

Energy     Irriga-    Imports, 
tion           Exports 
(net) 

In-         Other 
stream 

Total 
With 
out  In- 

stream 

Total 
With 

In- 
stream 

1.     Water  for 
Energy  in 
the  North- 
ern Great 
Plains 
area 
(1970-2000) 

37 
37 

300                 not 
460                 given 

not           47 
given      47 

384 

544 

-- 

2.     Missouri 
River  Basin 
Comprehen- 
sive Frame- 
work Study 
(1970- 
2000)*** 

24 

19           628               Export 

45 

not           216 

given 

932 

3.     WRC  1976 
Estimates 
(1975- 
2000)*** 

0 

1        1770 

4670****  90 

1861 

6531 

--Figures  may  not  fully  reflect  Indian  water  development  aspirations. 

**Estimated  increases   in  water  availability  through  precipitation  manage- 
ment are  not  shown. 

***Estimated  increases  are  based  on  WRC  preliminary  data  for  1975  assess- 
ment. 


****Instream  flow  approximation  is  defined  as  a  flow  regime,  consisting  of 
quantitative  expressions  of  judgmental  estimates  of  monthly  flows  at  the 
outflow  point(s)  of  a  basin  sufficient  to  support  the  habitat  of  aquatic 
life  forms  and  outdoor  recreation:  solely  as  input  to  the  environmental 
alternative  policy  run  of  the  agricultural  assessment  being  made  by  the 
Agricultural  Resource  Assessment  System  Technical  Committee,  and  the 
volumetric  adequacy  analysis  being  made  by  WRC  staff  as  part  of  the 
1975  national  assessment.  These  values  are  preliminary  and  may  be 
subject  to  significant  change. 
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VI.     WESTERN  DAKOTA  TRIBUTARIES 

The  drainage  basin  of  the  Western  Dakota  Tributaries  includes  the 
southeastern  portion  of  Montana  and  the  northeastern  corner  of  Wyoming. 
The  major  portion  of  the  basin  lies  within  the  central  and  western  parts  of 
South  Dakota  and  southwestern  North  Dakota  (see  Figure  6-1).  Major  tri- 
butaries are  the  Little  Missouri,  Knife,  Heart,  Cannonball,  Grand,  Moreau, 
Cheyenne,  Bad  and  White.  Flows  in  the  Missouri  River  in  the  drainage  basin 
are  heavily  regulated  by  main-stem  reservoirs  including  Garrison,  Oahe,  Big 
Bend,  Fort  Randall,   and  Lewis  and  Clark. 

The  drainage  area  is  composed  of  two  strikingly  different  physiographic 
regions  -  the  Black  Hills  and  Great  Plains.  Precipitation  varies  from  a  low 
of  about  11  inches  per  year  in  the  badlands  of  South  Dakota  to  a  high  of  24 
inches  in  the  Black  Hills.  Through  1966,  the  average  annual  precipitation 
for  the  region  was  17  inches  with  a  minimum  five-year  average  of  13.  3  inches. 

A.     Water  Supply 

1.     Surface  Water 

Historic  Flows  -  The  surface  water  situation  in  the  Western  Dakota 
Tributaries  is  summarized  in  Table  6-1.  The  only  flows  reported  which  con- 
form exactly  to  the  drainage  basin  map  given  in  Figure  6-1  are  those  de- 
veloped by  the  Framework  Study  and  the  Water  for  Energy  Study.  The  other 
values  were  calculated  to  conform  as  closely  as  possible  to  these  for  compar- 
ative purposes.  It  is  unfortunate  that  the  Missouri  River  Basin  subdivisions 
have  changed  with  agency  and  for  different  studies  by  the  same  agency.  It 
is  understood  that  the  WRC  is  now  establishing  a  basin  demarcation  which 
will  be  adhered  to  by  all   studies  in  the  future   (Figure  2-2).     This  long  over- 
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Table  6-1      Average  Annual  Flow  in  Western  Dakota  Tributaries  at 

Missouri  River  Below  Fort  Randall  Dam,   South  Dakota 

(Figure  6-1      location  1) 


Source  of  Data 


Average  Annual 
Flow  (Acre -Ft. ) 


Period  of 
Record 


Remarks 


1.     Missouri  River  Basin 
Comprehensive  Frame- 
work Study 


2,430,000 


Approx. 
1947  to  1965 


Adjusted  for 
1970  level  of 
development. 


2.     U.S.   Geological  Survey 


2,117,000 


Minimum  record 
of  stations  used 
-  17  years 


Determined 
from  analysis 
of  four  gaging 
stations. 


3.     Water  Resources  Council       1,765,000 
1975  (unpublished) 


1961-1972 


Estimated  by 
adding  mean 
annual  flow  of 
Niobrara  River 
(USGS  1974) 
to  WRC  1975  es- 
timate for  ASA's 
1005  and  sub- 
tracting average 
annual  flows  of 
ASA's  1001  and 
1004.   This  es- 
timate reflects 
the  1975  level  of 
development. 


4.     Water  for  Energy  In  the  2,  430,  000 

Northern  Great  Plains 
Area 


Approx. 
1947  to  1965 


Adjusted  for  1970 
level  of  develop- 
ment. 
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due  move  will   simplify  making  comparisons  between  studies  and   should  also 
make  individual  studies  move  efficient. 

On  the  basis  of  the  estimates  given  in  Table  6-1  it  would  appear  that 
the  average  annual  flow  generated  in  the  Western  Dakota  Tributaries  at  the 
1975  level  of  development  is  on  the  order  of  2.0  maf.  This  includes  flows 
in  the  tributaries  shown  on  Figure  6-1  plus  the  mean  annual  flow  of  the  Nio- 
brara River. 

Regulation  -  Five  of  the  main  stem  reservoirs  of  the  Missouri  River 
Basin  lie  within  the  Western  Dakotas  Tributaries  Basin.  The  features  of  these 
are  given  in  Table  6-2.  The  tributaries  in  the  area  are  for  the  most  part 
developed  but  some  additional  storage  potential  exists. 

Uncertainty  and  Flow  Variability  -  Flow  variability  at  selected  locations 
in  the  basin  is  indicated  in  Tables  6-3  and  6-4  and  on  Figures  6-2  and  6-3 
where  the  location  numbers  refer  to  those  indicated  on  Figure  6-1.  For  the 
period  1960  to  1969,  the  annual  flows  below  Fort  Randall  Dam  ranged  from 
9.82  maf  to  21.81  maf.  or  from  55  percent  to  122  percent  of  the  average 
annual  flow.  Table  6-4  shows  that  the  major  tributaries  in  the  basin  ex- 
perience zero  flows  as  well  as  levels  many  times  greater  than  the  average. 
Figure  6-2  shows  that  about  10  percent  of  the  time,  on  the  average,  the 
annual  flow  is  only  23  percent,  or  less,  of  the  mean  for  the  Cannonball  River. 
Figure  6-3  shows  that  for  the  Cheyenne  River  near  Eagle  Butte,  the  annual 
flow  is  less  than  or  equal  to  about  35  percent  of  the  average  annual  flow  about 
10  percent  of  the  time.  About  20  percent  of  the  time  it  is  less  than  or  equal 
to  about  50  percent  of  the  mean  annual  flow. 
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Table  6-2       Major  Reservoirs  Affecting  Flows  in 
the  Western  Dakota  Tributaries 


1970  Storage  Allocations 
(Acre-Feet) 


Reservoir 

Garrison 

Oahe 

Big  Bend 

Fort  Randall 

Gavins  Point 

Bowman  -Haley 

Cold  Brook 

Cottonwood 
Springs 

Dickinson 

Heart  Butte 

Shadehill 

Keyhole 

Angostura 

Pactola 


Exclusive 
Flood 

Control 

1,  500,000 

1,  100,000 

175,000 

1,000,000 

60,000 


Annual  Flood 
Control  and 

Multiple  Use 

4,300,000 
3,200,000 


1,300,000 
100,000 


carryover 

Multiple  Use       Inactive        Total 


13,400,000 

13,700,000 

270,000 

2,200,000 

195,000 


5,000,000     24,200,000 

5,500,000     23,500,000    | 

1,465,000        1,910,000 

1,200,000       5,700,000 

165,000  520,000 

73,900 

7,200 

---  "  8,340 
6,700 
226,000 
357,000 
340,000 
160,000 
99,000 
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Table  6-3      Flow  Variability  At  Selected  Locations  in  the 
Western  Dakotas  Tributaries-1 


River  and  Location 
Little  Missouri  near  mouth  -4 
Knife  near  mouth  -5 

Heart  near  mouth  -6 

Cannonball  near  mouth  -2 

Grand  near  mouth  -7 


Maximum  Annual 
Flow  (Acre -Feet) 

Critical  Year 
Flow  (Acre-Fe 

et) 

Average  Annual 
Flow  (Acre -Feet) 

1.294,000 

35.000 

390.000 

315,000 

3,000 

118.000 

515.000 

17,000 

154.000 

711,000 

1,000 

149.000 

712,000 

9,000 

156.000 

Mean  Annual  Flow  of  Missour  River  Below 
Fort  Randall  Dam,   South  Dakota    (location  1) 


Year  Average  Annual  Flow  Acre -Feet 

1960  11,310,000 

1961  11,050.000 

1962  9,821.000 

1963  13.440.000 

1964  14,060,000 

1965  13,720,000 

1966  17,050,000 

1967  17,240,000 

1968  19,190,000 

1969  21,810,000 


-Northern    Great   Plains    Resource    Program,     Water    Work  Group    Report, 
December  1974      and      U.  S.  G.  S.      Water  Supply      Papers     No.    1916,    (1969) 
and    2116,    1974. 
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Table  6-4       Short  Period  Flow  Variability  in  the 
Western  Dakota  Tributaries* 


River  and  Location 

Little  Missouri  at  Medora 

Knife  River  at  Hazen 

Heart  River  at  Mandan 

Cannonball  at  Breien 

Grand  River  at  Little  Eagle,   S.  D. 


Recorde 

Minimum 
(c.f.  s. 

d 

Flow 
) 

M 

Recorded 
aximum  Flow 
(c.f.  s.) 

Computed 

Average  Flow 

(c.f.  s.) 

0 

65,000 

480 

0 

35,300 

180 

0 

30,500 

260 

0 

94,800 

250 

0 

15,000 

230 

Note  that  flows   are   either  instantaneous  minimum  where  there  is   little  or  no 
regulation,   or  minimum  daily  where  regulation  exists. 

-Northern  Great  Plains   Resource  Program,    Water  Work  Group  Report,   De- 
cember 1974,   p.    17. 
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2.     Water  Quality 

Surface  Water  -  Most  of  the  streams  rise  at  relatively  low  elevations. 
High  flows  occur  mainly  during  periods  of  spring  snow  melt.  Except  in  the 
Black  Hills  area,  most  streams  are  intermittent.  They  traverse  areas  with 
rocks  and  soils  that  contain  many  soluble  salts.  Much  of  the  area  is  readily 
erodible,  and  sediment  concentrations  in  the  subbasin  streams  are  compara- 
tively high. 

Water  quality  in  most  of  the  streams  is  poor.      Salts  leached  from  the 
land  cause  the  water  in  many  of  the  subbasin  streams  to  be  highly  mineralized. 
An  exception  is  the  Black  Hills   area,    where  the  natural  chemical  quality  of 
the  water  is   good.      Mining   and   smelter   operations   have  seriously  degraded 
the  natural  quality  of  some  streams,    however. 

The  Little  Missouri,  Moreau,  and  Cheyenne  rivers  and  the  upper  reaches 
of  the  Heart,  Cannonball,  and  Grand  rivers  have  sodium -sulfate  waters  with 
total  dissolved  solids  in  the  1,000  to  2,000  milligrams  per  liter  range.  The 
Knife  River  and  the  lower  reaches  of  the  Heart,  Cannonball,  and  Grand  rivers 
have  dissolved  solids  concentrations  in  the  500  to  1,000  milligrams  per  liter 
range. 

The  Cheyenne  River  traverses  a  diversified  area  surrounding  the  Black 
Hills.  Total  dissolved  solids  range  from  1,000  to  2,000  milligrams  per 
liter  in  the  waters  of  the  main  stem  and  lesser  tributaries  and  from  2,  000  to 
4,  000  milligrams  per  liter  in  the  Belle  Fourche  River,  principal  tributary 
of  the  Cheyenne  River,  where  the  water  is  of  a  calcium -sulfate  type.  Return 
flows  from  irrigation  and  wastes  from  mining  operations  contribute  highly 
mineralized  water. 
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Groundwater  -  Except  in  the  eastern  part  of  the  basin  in  South  Dakota 
adjacent  to  the  Missouri  River,  the  ground  water  resource  is  not  extensive. 
Its  quality  is  variable  and  in  locations  where  it  is  most  extensively  used, 
total  dissolved  solids  concentrations      in  excess  of  1,  000  mg/1  are  common. 
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B.     Existing  Water  Resources  Development  and  Use 

1.  Surface  Water  -  A  summary  of  estimated  annual  streamflow 
depletions  or  total  annual  comsumptive  use  by  several  categories  for  the 
Western  Dakota  Tributaries  is  given  in  Table  6-5.  This  represents  water 
use  conditions  existing  in  1975. 
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Table  6-5     Annual  Consumptive  Use  or  Streamflow  Depletion 
in  the  Western  Dakota  Tributaries  Basin  -  (1000  acre-feet) 


Type  of  Use 

Agency 
Source 

Municipal 

and 

Industrial 

Minerals     Irrigation 

Steam  - 
Electric 

Evapora- 
tion 
(Reservoir) 

Other 

Total 

1.     WRC 
1976 
Esti- 
mates 
(1975 
level)* 

22 

12                   455 

6 

1260 

97 

1852 

"-'Total  Consumptive  use    -   includes   some  groundwater  not  directly  linked  to 
stream  systems(l975  level  of  development). 
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C.     Projected  Water  Needs 

Considering  an  average  annual  available  surface  water  supply  of  about 
2.1  maf  (Table  6-1)  the  maximum  additional  depletion  projected  from  1975 
to  2000  of  about  1.2  maf  (Table  6-6)  would  deplete  most  of  the  available 
water  supply.  The  flow  variability  in  the  Western  Dakota  Tributaries  is 
high,  with  annual  flows  of  only  25  percent  of  the  average  annual  flow  report- 
ed about  10  percent  of  the  time.  This  situation  further  compounds  the  pro- 
blem. Instream  flow  requirements  would  not  be  met  during  critical  periods. 
The  question  of  Indian  water  rights  is  important  in  the  basin  and  could  sig- 
nificantly increase  the  prospects  for  water  supply  problems. 
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Table  6-6      Incremental  Streamflow  Depletions  or  Consumptive  Use 
in  the  Western  Dakota  Tributaries    River  Basin 
(1000  acre-feet) 


Type  of  Use 

* 

Agency 
or 
Source 

Municipal 
&  In- 
dustrial 

Energy     Irriga-    Imports, 
tion           Exports 
(net) 

In-        Other 
stream 

Total 
With 
out  In- 

stream 

Total 

With 
In- 
stream 

1.     Water  for 
Energy  in 
the  North- 
ern Great 
Plains 
area 
(1970-2000) 

19 
19 

317          220                 not 
317          330                 given 

not           67 
given       67 

623 
874 

-- 

2.     Missouri 
River  Basin 
Comprehen- 
sive Frame- 
work Study 
(1970- 
2000)*** 

6 

30            457                   0 

not            262 
given 

755 

3.     WRC  1976 
Estimates 
(1975- 
2000)*** 

3 

Export 
116           112                  873 

10,300***  83 

1184 

11,484 

*Figures  may  not  fully  reflect  Indian  water  development  aspirations. 
**Values  are  estimated  based  on  WRC  preliminary  data  for  1975  assessment. 


***Instream  flow  approximation  is  defined  as  a  flow  regime,  consisting  of 
quantitative  expressions  of  judgmental  estimates  of  monthly  flows  at  the 
outflow  point(s)  of  a  basin  sufficient  to  support  the  habitat  of  aquatic 
life  forms  and  outdoor  recreation:  solely  as  input  to  the  environmental 
alternative  policy  run  of  the  agricultural  assessment  being  made  by  the 
Agricultural  Resource  Assessment  System  Technical  Committee,  and  the 
volumetric  adequacy  analysis  being  made  by  WRC  staff  as  part  of  the 
1975  national  assessment.  These  values  are  preliminary  and  may  be 
subject  to  significant  change. 
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VII.  EASTERN  DAKOTA  TRIBUTARIES 

This  drainage  area  lies  within  the  northeastern  portion  of  the 
Missouri  River  Basin.  The  principal  streams  are  the  James  and  Big  Sioux 
Rivers.  The  topography  is  gently  rolling  with  a  very  slight  gradient.  The 
1966  average  annual  precipitation  was  19.6  inches  with  a  minimum  5  year 
average  of  15.  5  inches.  Figure  7-1  gives  the  stream  network  and  orienta- 
tion of  the  basin. 

A.     Water  Supply 

1.     Surface  Water 

Historic  Flows  -  The  surface  water  resource  of  the  Eastern  Dakota 
Tributaries  is  summarized  in  Table  7-1.  The  average  annual  flow  based 
on  the  1975  level  of  development, is  about  2.4  maf.  Flow  regulation  of  the 
tributaries  is  not  extensive  with  the  major  facility  being  the  James- 
town Reservoir  located  on  the  James  River.  This  reservoir  has  a  total 
capacity  of  221,000  acre-feet  and  supports  irrigation  in  the  Fort  Clark  unit. 
Some  additional  reservoir  sites  exist  for  future  development  although  the 
major  potential  for  added  water  supply  appears  to  be  imports  from  Garri- 
son and  Oahe. 

Flow  Variability  -  The  flow  variability  in  the  basin  is  indicated  in 
Table  7-2  and  on  Figure  7-2.  It  can  be  seen  that  the  annual  flow  fluctuates 
widely  from  year  to  year.  Figure  7-2  indicates  that  about  10  percent  of  the 
time  or,  one  year  in  10,  the  annual  flow  will  be  only  about  17  percent  or 
less  than  the  average  annual  flow.  About  one  year  in  four,  the  flow  can  be 
expected  to  be  less  than  or  equal  to  about  40  percent  of    the  mean. 


Figure  7-1 
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Table  7-1       Average  Annual  Flow  in    Eastern  Dakota  Tributaries 


Source  of 
Data 


Average  Annual 
Flow  (Acre -Ft.  ) 


Period  of 
Record 


Remarks 


1.  Missouri  River  3,235,500* 
Basin  Comprehensive 

Framework  Study 

2.  U.S.   Geological  2,081,970 
Survey 


not  given 


minimum - 
17  years 


Adjusted  for  1970 
level  of  develop- 
ment 

Sum  of  flows  in 
James,   Vermillion, 
Sioux  and  Niobrara 
Rivers  .     Flow  re- 
flects regulation 
and  diversions 


3.     Water  Resources 
Council  1975 
(unpublished) 


2,  380,000 


1959-1972 


Adjusted  for  1975 
level  of  develop- 
ment. 


*Drainage   area  included    is   somewhat  greater  than  that  for   other  two  es- 
timates (See  Figure  1-1,    1-2). 
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Table  7-2         Flow  Variability  of  James  River  Near 
Scotland,   South  Dakota  (location  2,  Figure  7-1) 


Year  Average  Annual  Flow  (Acre -Feet) 

1960  577,750 

1961  74,600 

1962  1,472,000 

1963  104,600 

1964  98,280 

1965  131,300 

1966  462,900 

1967  245,900 

1968  64,400 

1969  1,047,000 


USGS  Water  Supply  Papers  No.    1916,   (1969)  and  2116,   (1974). 


10.0 


s 


5 

o 

a: 

To 


03 

2 


OJ 


1.0 


0.1 


T^ 

lc— 

/ 

» 

— i 

y 

n 

4 

^ 

y 

1 

•ai7 

5     10     20   30  40  50  60  70    80     90    95 

Percentage  of  Time  Row  is  Equal  To  or  Less  Than 
Stated  Percentage  of  Average  Annual  Row 

Figure  7-2  JAMES  RIVER  NEAR  SCOTLAND, 
SOUTH  DAKOTA  1929-1963 
(location  2) 


99 


7-6 

2.  Water  Quality 

The  chemical  quality  of  water  is  good  in  the  headwaters  reaches  of  the 
subbasin  streams  but  deteriorates  as  the  waters  move  downstream.  The 
James  River  and  the  Big  Sioux  River  in  its  upper  reaches  have  a  predo- 
minately sodium -calcium -bicarbonate  type  water  with  total  dissolved  solids 
in  the  250  to  500  milligrams  per  liter  range.  In  the  lower  reaches  of  the 
Big  Sioux  River  the  water  has  slightly  more  sulfate  than  bicarbonate,  and 
total  dissolved    solids   are   in    the   500   to   1,000   milligrams   per  lite   range. 

The  bacterial  quality  of  the  surface  waters  in  this  subbasin  is  gene- 
rally poor.  Groundwater  is  usually  more  mineralized  but  of  better  physical 
and  bacterial  quality  than  are  most  surface  waters. 

3.  Augmentation  Prospects 

Projected  water  requirements  could  be  met  in  part  by  proposed  im- 
ports from  the  Garrison  and  Oahe  units  along  the  main-stem  of  the  Missouri. 
This  is  the  most  significant  augmentation    alternative. 
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B.     Existing  Water  Resources  Development  and  Use 

1.     Surface  Water 

A  summary  of  estimated  annual  streamflow  depletions  or  total  annual 
consumptive  use  by  several  categories  for  the  Eastern  Dakota  Tributaries 
is  given  in  Table  7-3.  This  represents  water  use  conditions  existing  in 
1975. 
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Table  7-3  Annual  Consumptive  Use  or  Streamflow  Depletion 

in  the  Eastern  Dakota  Tributaries  Basin  -  (1000  acre-feet) 


Type  of  Use 


Agency  or 

Source  Municipal  Minerals     Irrigation     Steam-     Evapora-        Other    Total 

and  Electric     tion 

Industrial  (Reservoir) 

1.     WRC  1976  19  1  52  0  137  52        261 

Estimates* 


(1975  level) 


2.     South  Dakota         103  --  96  --  26  115        340 

Dept.   of 


Natural  Re- 
sources 
January  1976* 


*Total  consumptive  use  includes  some  groundwater  not  directly  linked  to  stream 
systems  (1975  level  of  development). 
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C.     Projected  Water  Needs 

Using  the  average  annual  value  of  2.4  maf  (1975)  reported  by  WRC 
(Table  7-1)  and  the  maximum  projected  use  (1970-2000)  by  the  Water  For 
Energy  in  the  Northern  Great  Plains  Study  of  0.6  maf  (Table  7-4),  a  sur- 
plus of  1.  8  maf  per  year  is  shown.  If  instream  uses  of  about  2.4  maf  are 
added,  a  deficit  of  about  0.6  maf  is  the  result.  Add  to  this  the  wide  flow 
variation  in  the  basin  (about  25  percent  of  the  time  the  flows  are  only  about 
40  percent  of  the  mean)  and  it  is  apparent  that  expanded  irrigation  deve- 
lopment cannot  be  met  without  importation  of  water  from  the  main  stem  re- 
servoirs. 
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Table  7-4     Incremental  Streamflow  Depletions  or  Consumptive  Use 
in  the  Eastern  Dakota  Tributaries    Basin 
(1000  acre-feet) 


Type  of  Use* 

Agency 
or 
Source 

Municipal 
&  In- 
dustrial 

Energy     Irriga-    Imports, 
tion           Exports 
(net) 

In-        Other 
stream 

Total 
With 
out In- 
stream 

Total 
With 
In- 
stream 

1.     Water  for 
Energy  in 
the  North- 
ern Great 
Plains 
area 
(1970-2000) 

44 
44 

390                 not 
580                 given 

not        101 
given    101 

535 
625 

-- 

2.     Missouri 
River  Basin 
Comprehen- 
sive Frame- 
work Study 
(1970-2000) 

16 

Export 
16            803                  1087 

not            264 
given 

2186 

3.     WRC  1976 
Estimates 
(1975- 

2000) 

4 

Export 
2              567                  232 

2,380***  26 

367 

2,747 

*Figures  may  not  fully  reflect  Indian  water  development  aspirations. 
**Values  are  estimated  based  on  WRC  preliminary  data  for  1975  assessment. 


***Instream  flow  approximation  is  defined  as  a  flow  regime,  consisting  of 
quantitative  expressions  of  judgmental  estimates  of  monthly  flows  at  the 
outflow  point(s)  of  a  basin  sufficient  to  support  the  habitat  of  aquatic 
life  forms  and  outdoor  recreation:  solely  as  input  to  the  environmental 
alternative  policy  run  of  the  agricultural  assessment  being  made  by  the 
Agricultural  Resource  Assessment  System  Technical  Committee,  and  the 
volumetric  adequacy  analysis  being  made  by  WRC  staff  as  part  of  the 
1975  national  assessment.  These  values  are  preliminary  and  may  be 
subject  to  significant  change. 
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VIII.         PLATTE -NIOBRARA  RIVER  BASIN 

The  drainage   area   of  the    Platte -Niobrara    River  Basin  lies  mostly 
within  the  States  of  Nebraska,  Wyoming  and  Colorado  (see  Figure  8-1).   Prin- 
cipal tributaries  include  the  North,    Middle  and  South  Loup  Rivers,    Elkhorn, 
Wood,   South  Platte   and  North  Platte  Rivers  and  Lodgepole,    Salt,    Wahoo  and 
Shell  Creeks. 

The  Upper  Platte  Basins,  approximately  west  of  the  junction  of  the 
North  and  South  Platte  Rivers,  are  typified  by  high  mountain-plains  drainage 
systems.  Wide  variations  in  climate  are  the  rule  with  precipitation  in  the 
high  mountains  averaging  about  40  inches  per  year  while  the  norm  in  the  foot- 
hills is  about  15  inches. 

In  contrast  to  the  Upper  Platte  area,  the  Lower  Platte  Basin  is 
mostly  flat  and  gently  rolling  with  a  large  expanse  of  Sand  Hills  included  in 
central  Nebraska.  Low  precipitation  contributes  to  the  generally  treeless 
nature  of  the  region. 

The  average  annual  precipitation  (as  of  1966)  west  of  the  confluence 
of  the  North  and  South  Platte  Rivers  is  16.  2  inches  while  the  mean  east  of  the 
confluence  is  22.  8  inches.  Corresponding  5  year  average  minimums  are  13. 1 
and  15.4  inches  respectively. 

A.     Water  Supply 

Historic  Flows  -  The  surface  water  resource  of  the  Platte -Niobrara 
River  Basin  is  summarized  in  Table  8-1.  Adjusted  flows  reported  range 
from  3.17  maf  to  3.95  maf  annually.  The  wide  range  in  these  figures  is 
due  primarily  to  use  of  short  periods  of  records,  the  lower  figure  being 
based  on  the  shortest   record  (10  years)  which  also  included  one  of  the  lowest 
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Table  8-1       Average  Annual  Flow  in    Platte -Niobrara  River  Basin 
At  Louisville,   Nebraska  (Location  1,   Figure  8-1)* 


Source  of  Data 


Average  Annual 
Flow  (Acre  Ft.  ) 


Period  of  Record 


Remarks 


Missouri  River 
Basin  Compre- 
hensive Frame- 
work Study 


3,172,000 


Adjusted  for  1970 
level  of  develop- 
ment (excludes 
Niobrara) 


2.     U.S.   Geological 
Survey 


4,195,000 


1953-1974 


Flow  reflects  some 
regulations  and  di- 
versions 


Water  Resources 
Council  1968 
Assessment 


3,980,000 


not  given 


Given  as  average 
annual  natural  run- 
off (does  not  re- 
flect depletions) 


Water  Resources 
Council  1975 
(unpublished) 


3,950,000 


1954-1972 


Present  modified 
flow  1975  by  WRC 
minus  flow  in 
Niobrara  River 


Nebraska  State 
Water  Plan  in 
Framework 
Report  1971 


3,184,000 


1954-1963 


Adjusted  for  1970 
level  of  develop- 
ment 


Platte  River 
Level  "B" 
Study -Missouri 
River  Basin 
Commission 
1975 


4,142,000 


1941-1970 


Flow  reflects  re- 
gulation  and 
diversions 


*Niobrara  Flows  Not  Included 
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recorded   sequences   of  flows  and  the  higher  figure  being  based  on  a  record 
of  19  years  which  experienced   several  years  of  above  normal  flows.      This 
noted  variation  in  figures  further  supports  the  need  for  careful   assessment  of 
reported  values   and  the  need  to  use  them  with  full  understanding  of  the  im- 
plications. 

The  true  average  annual  depleted  flow  lies  somewhere  between  the 
Missouri  River  Basin  Framework  Study  estimate  and  that  made  by  WRC 
in  1976  but  it  is  probably  closer  to  the  higher  figure. 

Regulation  -  Water  flowing  in  the  North  Platte  River  is  subjected  to 
regulation  by  five  major  reservoirs  in  Wyoming  and  by  reservoirs  on  tribu- 
tary streams.  Construction  of  Gray  Rock,  another  major  tributary  reservoir 
near  the  mouth  of  the  Laramie  River,  is  scheduled  to  begin  in  19  76.  Of  the 
3.2  million  acre  feet  of  storage  in  all  reservoirs,  only  272,000  acre-feet 
(Glendo  Reservoir)  are  specifically  for  flood  control.  The  remaining  con- 
servation storage  is  for  irrigation  and  power  generation.  Much  of  the  water 
stored  in  Wyoming  as  part  of  the  North  Platte  Project  system  is  used  for 
irrigation  in  Nebraska. 

Reservoirs  on  the  South  Platte  River  are  more  numerous  but  of 
smaller  average  size.  Nineteen  reservoirs  store  a  total  of  1.2  million 
acre-feet,  including  296,000  acre-feet  for  flood  control  capacity.  Table  8-2 
displays  the  major  storage  reservoirs  within  the  Platte  River  Basin.  Ad- 
ditional storage  sites  are  also  available  within  the  basin  and  various  pro- 
posals to  develop    these  have  been  made. 

Flow  Variability  -  The  flow  variability  in  the  basin  is  indicated  in 
Table  8-3  and  on  Figures  8-2  to  8-6.  From  Figure  8-6  it  is  clear  that  the 
outflow  of     the  basin  varies     considerably  from  year  to  year.     Figure   8-2 
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Table  8-2       Major  Storage  Reservoirs  in  the  Platte -Niobrara  River  Basin* 


Major  Reservoirs  Affecting  1970  Flows 
Subbasin  Name 


Major  Irrigation  Projects 
Assumed  Depleting  By  1970 


Year  of 
Agency        Capacity         Closure  Name  Agency     Acres 


Platte 
River 


Cherry  Creek     CE 
Chatfield  CE 

Kortes  BR 


(Acre-Feet) 

96,000  1948 

235,000         Future 

4,800  1951 


Glendo  BR  795, 000 

McConaughy        CNPPED      1,948,000 
Sherman  BR  68, 000 


Davis  Creek         BR 


Salt  Creek 
Storages 


CE 


30,  300 


49,600 


1958 

Glendo  Unit 

BR 

32,000 

1941 

Tri- County 

CNPPID  126,000 

1962 

Farwell- 
Sargent 

BR 

67,300 

Future 

Kendrick 

BR 

24,000 

Colo.   Big 
Thompson 

BR 

720,000 

1962- 

■67 

Niobrara     Box  Butte 


Merritt 


BR 


BR 


31,000  1946  Mirage 

Flats 


BR 


74,000  1964  Ainsworth         BR 

Unit 


11, 300 
34,000 


^Missouri  River  Basin  Comprehensive  Framework  Study 
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shows  that  the  flow  in  the  Platte  River  near  Ashland  (location  2,  Figure 
8-1)  is  less  than  or  equal  to  about  64  percent  of  the  average  annual  flow 
about  one  year  in  10  while  about  25  percent  of  the  time  it  is  less  than 
or  equal  to  about  80  percent  of  the  mean.  Figures  8-3  to  8-5  indicate  flow 
variability  at  other  locations  in  the  basin  and  from  these  it  can  be  seen 
that  the  South  Platte  River  at  Julesburg,Colorado  (location  4,  Figure  8-1)  is 
highly  variable  having  flows  less  than  or  equal  to  60  percent  of  the  mean  an- 
nual flow  about  25  percent  of  the  time.  Table  8-3  shows  the  range  in  flow 
at  several  locations  throughout  the  basin. 

Streamflows  of  the  Platte,  South  Platte,  and  North  Platte  rivers  dur- 
ing low  flow  periods  are  almost  completely  controlled  by  irrigation  diver- 
sions and  return  flows.  Minimum  daily  and  monthly  streamflows  are  in- 
fluenced by  return  flows  from  the  irrigation  systems;  for  example,  zero 
flow  has  occurred  less  frequently  in  the  past  30  years  than  it  did  when 
irrigation  systems  were  less  intensively  developed  and  less  holdover  storage 
in  reservoir  projects  was  available.  Average  annual  streamflows,  however, 
have  been  reduced  significantly  by  diversions  for  irrigation  combined  with 
increases  in  holdover  storage. 

Records  show  that  subnormal  streamflow  occurred  throughout  the 
basin  in  water  years  1934,  1936,  1937,  1939-1941,  and  1955-56.  The  annual 
streamflow  for  these  years  near  the  mouth  of  the  Platte  River  at  Ashland 
varied  from  1,955,000  acre-feet  in  1940  to  2,541,000  acre-feet  in  1939. 
Comparatively,  the  average  annual  streamflow  at  Ashland  is  3,  814, 000 
acre-feet  for  the  base  period  of  1941-1970. 
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Subnormal  streamflow  conditions  are  critical  in  many  locations  in 
the  Platte  River  Basin.  Average  monthly  flows  of  zero  often  occur,  some- 
times for  durations  of  several  months.  The  Platte  River  near  Grand  Island 
is  a  critical  station  in  the  stream  reach  for  the  occurrence  of  minimum 
low  flows.  During  the  period  1931  to  1941,  zero  monthly  flows  were  re- 
corded in  most  years.  At  many  stations,  zero  flow  ocurred  for  durations 
from  4  to  6  months  during  the  most  severe  drought  years. 

Zero  or  near  zero  minimum  flows  occur  on  most  of  the  tributaries 
of  the  North  Platte,     South  Platte,    and  Platte  rivers  except  for  two  major 
tributaries,    the   Loup  and  Elkhorn  rivers,    and  the  left  bank  tributaries  on 
the  North  Platte  River. 


Table  8-3 


River 


Annual  Flow  Range  of  Selected  Platte  Basin  Streams* 

Annual  Flow    (1941    through    1970) 


Station 


a7 1970     b/ 

Hist.  Cond.  High  (Year)      Low  (Year) 


North  Platte 

Wyoming  Stat 

e  Line 

450 

North  Platte 

Canal  Import 
State  Line 

s 

-- 

North  Platte 

Lewellen 

940 

North  Platte 

North  Platte 

430 

South  Platte 

Julesburg  (Colo. ) 

340 

South  Platte 

North  Platte 

250 

Power  Re- 
turns 

North  Platte 

-- 

Platte 

Brady 

310 

Platte 

Overton 

850 

Platte 

Grand  Island 

820 

Platte 

Duncan 

910 

Middle  Loup 

St.   Paul 

790 

North  Loup 

St.   Paul 

670 

Cedar 
Loup 

Fullerton 
Genoa  (Since 

1944)  1, 

180 

,600 

N.  F.   Elkhorn 

Pierce  (Since 

1960) 

70 

Logan  (Creed) 

Uehling 

130 

Elkhorn 

Waterloo 

910 

Platte 

Ashland 

3, 

,810 

Platte 

South  Bend 

4: 

,130 

450 

580 
905 
370 
340 
200 

650 

800 

775 

865 

730 

670 

180 

1,  560 

70 

130 

910 

3,  700 

4,020 


Thousand  Acre  Feet  -  -  -  - 
730  (1952)  280  (1955) 


1,200  (1947) 

870  (1952) 

1,100  (1942) 

1,100  (1942) 


600  (1956) 

240  (1941) 

60  (1956) 

100  (1955) 


960 

1,500 

1,400 

1,  700 

1,000 

850 

2  70 

2,100 

160 

290 

2,000 

5,950 

6,610 


(1942) 
(1952) 
(1949) 
(1952) 
(1947) 
(1962) 
(1966) 
(1947) 
(1962) 
(1962) 
(1951) 
(1951) 
(1951) 


140 

180 

120 

100 

600 

520 

130 

1,300 

30 

50 

300 

1,970 

2,090 


(1950) 
(1941) 
(1941) 
(1941) 
(1970) 
(1946) 
(1942) 
(1956) 
(1968) 
(1943) 
(1956) 
(1956) 
(1956) 


a7    Historical  average  annual  flow 

F/    Historical  average  annual  flow  corrected  to  1970  conditions 

c/    Loup  River  plus  Loup  River  Power  Canal 

^Platte  River  Basin,   Nebraska,   Level  B  Study  1975 
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Figure  8-2   PLATTE  RIVER  NEAR  ASHLAND, 
NEBRASKA  1929-1960 
(location  2) 
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Figure  8-3   PLATTE  RIVER  NEAR  OVERTON, 
NEBRASKA  1940-1963 
(location  3) 
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Figure  8-4  SOUTH  PLATTE  RIVER  AT 

JULESBURG,  COLORADO  1903-1963 
(location  4) 
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Figure  8-5   BLUE  CREEK  NEAR  LEWELLEN, 
NEBRASKA  1931-1963 
(location  5) 
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2.    Water  Quality 

Surface    Water   -   The   chemical  quality   of  surface  waters  is  generally 

good  although  successive  reuse  for  irrigation,    presents  problems   in  some 

areas.     Increasing  use  of  fertilizers  has  caused  appreciable  concentrations 

of  inorganic   plant  foods  in  the  streams  and  impoundments  of  the  middle  and 

lower  portions   of  the  basin.      High  bacterial  densities  and   oxygen  depletion 

1/ 
are  also  problems  in  some  locations.  " 

The  headwaters  of  the  North  Platte  River  system  generally  have  a  cal- 
cium-carbonate water  with  total  dissolved  solids  of  less  than  250  milligrams 
per  liter.  An  increase  in  sulfate  is  caused  by  return  flows  from  irrigation 
in  the  North  Park  area  of  Colorado  and  the  area  in  Wyoming  upstream  from 
Seminoe  Reservoir.  Additional  sulfate  is  contributed  by  return  flows  from 
the  irrigated  area  downstream  from  Alcova  Reservoir.  Precipitation  of 
bicarbonate  occurs  in  the  Seminoe,  Pathfinder,  and  Alcova  reservoirs.  An- 
alyses at  Capser,  Wyo. ,   show  a  preponderance  of  calcium  sulfate. 

High  concentrations  of  dissolved  solids  exist  in  several  tributaries  of 
the  North  Platte  River  above  Casper. 

On  the  South  Platte  at  Julesburg,  Colo. ,  the  total-dissolved- solids  con- 
centration averages  about  1,  500  milligrams  per  liter  with  a  predominance  of 
calcium  and  sodium  sulfate.  Downstream  from  the  junction  of  the  North 
Platte  and  South  Platte  rivers,  the  main  stem  of  the  Platte  River  has  water 
of  a  calcium -sodium -sulfate  type  with  total-dissolved-solids  concentrations 
in  the  250  to  500  milligrams  per  liter  range.     Between  Lexington  and  Colum- 

1_/  Missouri  Basin  Interagency  Committee,  "The  Missouri  River  Basin 
Comprehensive  Framework  Study".  Volume  6,  Hydrologic  Analysis, 
U.S.   Govt.        Printing       Office,     Washington,        D.  C. ,  December     1971. 

Missouri    River    Basin    Commission,    Draft  Report  on  the   Platte  River 
Basin,  Nebraska,    Level  B  Study,    Omaha,    Nebraska,    September  1975. 


8-15 
bus,  Nebr. ,  the  concentration  increases  to  the  500  to  1,  000  milligrams  per 
liter  range.  Below  the  mouth  of  the  Loup  River  near  Columbus,  after  dilu- 
tion by  the  less  highly  mineralized  waters  of  the  Loup  River,  the  total - 
dissolved-solids  concentration  drops  again  to  the  250  to  500  milligrams  per 
liter  range. 

Bacterial  pollution  exists  in  the  South  Platte  River  and  in  many  of  its 
tributaries  below  Denver.  Wastes  from  resort  areas,  metropolitan  Denver, 
and  many  industries  contribute  to  the  bacterial  concentration.  Below  Denver, 
runoff  from  agricultural  land  and  feedlots  together  with  effluents  from  sugar- 
beet  refineries,  meat-packing  plants,  and  fruit  and  vegetable  canneries  add 
to  the  bacterial  loading. 

Bacterial  pollution  is  also  noted  in  the  main  stem  of  the  Platte  River 
throughout  its  length  because  of  municipal  and  industrial  wastes  and  run- 
off from  cattle  feedlots.  Fecal  coliform  problems  are  significant  in  the 
Lower  Platte  and  Elkhorn  Subbasins,  with  a  scattering  in  the  Loup  and 
Upper  Platte  Subbasins.  Municipal  dischargers  are  implicated  but  high 
background  levels  point  to  possible  storm  water  runoff  or  feedlot  sources. 

Groundwater  -  The  quality  of  ground  water  throughout  the  Platte  Basin 
is  generally  good  although  there  are  areas  where  natural  salts  occur,  as  in 
the  Salt  Creek  drainage,  and  other  areas  where  constituents  such  as  nitrate 
are  becoming  a  problem. 
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B.     Existing  Water  Resources  Development  and  Use 

1.     Surface  Water 

A  summary  of  estimated  annual  streamflow  depletions  or  total  annual 
consumptive  use  by  several  categories  for  the  Platte -Niobrara  River  Basin 
is  given  in  Table  8-4.  The  figures  indicate  a  significant  increase  in  con- 
sumptive use  during  the  period  1965  to  1975,  especially  in  the  Nebraska 
portion  of  the  basin. 
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Table  8  -4        Annual  Consumptive  Use  or  Streamflow  Depletion  in  the  Platte  - 
Niobrara  River  Basin  -(1000  acre-feet) 


Type  of  Use 

Agency  or  Source 

Municipal     Minerals      Irrigation 

and 
Industrial 

Steam - 
Electric 

Evapora- 
tion 

(Reser- 
voir) 

Other    Total 

1.2,3/ 
1.     WRC  1968~"~ 
Assessment 
(1965  level) 

125                    --                  3,820 

12 

-- 

72         4,029 

1.4/ 
2.     WRC  1976 
estimates 
(1975  level) 

195                   28                  7,190 

15 

108 

181         7,717 

1/    Total   consumptive  use--  includes  some  groundwater  not  directly  linked  to 
stream  systems 

2/    Does  not  include  reservoir  evaporation 

3/    Does  not  include  Niobrara    River 

4/    Includes  Niobrara  River 
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C.     Projected  Water  Needs 

The  average  annual  flow  of  the  Platte -Niobrara  River  Basin  is  about 
3.6  maf  (mean  of  WRC  and  MRBCFS  estimates  Table  8-1).  Deducting  from 
this  the  maximum  projected  use  (1975  to  2000,  Table  8-5)  of  2.2  maf, 
leaves  an  annual  surplus  of  about  1.4  maf.  If  instream  uses  are  deducted, 
a  substantial  deficiency  of  3.  7  maf  is  noted.  Add  to  this  the  dimension  of 
flow  variability  (about  10  percent  of  the  time  the  flow  is  less  than  or  equal 
to  about  64  percent  of  the  mean;  in  1940  it  was  1.9  maf)  and  it  is  clear 
that  this  basin  faces  serious  water  problems  especially  if  instream  uses  are 
given  much  priority. 
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Table  8-5     Incremental  Streamflow  Depletions  or  Consumptive  Use 
in  the  Platte -Niobrara  River  Basin 
( 1000  acre-feet  ) 


Type  of  Use 

Agency 
or 
Source 

Municipal 
&  In 
dustrial 

En- 
ergy 

Irriga- 
tion 

Imports, 

Exports 

In- 
st re  am 

Other 

Total 
With 
out  In- 
stream 

Total 
With 
In 

stream 

1.     Missouri 
River  Basin 
Comprehen- 
sive Frame  - 
work  Study** 
(1970-2000) 

332 

62 

1470 

Import 
147 

not 
given 

2394 

1956 

-- 

2.     WRC  1976 
Estimates 
(1975- 
2000)*** 

16 

199 

2020 

Import 
70          5. 

120**** 

61 

2226 

7346 

-Figures  may  not  fully  reflect  Indian  water  development  aspirations. 

**Estimated  increases  through  precipitation  management  not  shown. 

"**Values  are  estimated  based  on  WRC  preliminary  data  for  1975  assess- 
ment. 

****Instream  flow  approximation  is  defined  as  a  flow  regime,  consisting  of 
quantitative  expressions  of  judgmental  estimates  of  monthly  flows  at  the 
outflow  point(s)  of  a  basin  sufficient  to  support  the  habitat  of  aquatic 
life  forms  and  outdoor  recreation:  solely  as  input  to  the  environmental 
alternative  policy  run  of  the  agricultural  assessment  being  made  by  the 
Agricultural  Resource  Assessment  System  Technical  Committee,  and  the 
volumetric  adequacy  analysis  being  made  by  WRC  staff  as  part  of  the 
1975  national  assessment.  These  values  are  preliminary  and  may  be 
subject  to  significant  change. 
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IX.     Kansas  River 

The  drainage  area  of  the  Kansas  River  includes  portions  of  Kansas, 
Nebraska  and  Colorado  (see  Figure  9-1).  The  principal  tributaries  are  the 
Republican,   Smoky  Hill  and  Blue  Rivers. 

The  western  portion  of  the  basin  experiences  an  average  annual  preci- 
pitation of  about  20   inches  while  the   eastern  portion  of  the  basin  receives 
about  28    inches.   Minimum    five  year  averages    (calculated    in  1966)   are   15 
inches  and  21.4  inches  respectively. 

A.     Water  Supply 

1.     Surface  Water 

Historic  Flows  -  The  surface  water  resource  of  the  Kansas  River  Basin 
is  summarized  in  Table  9-1.  The  depleted  flows  given  in  the  Table  range 
from  4.02  to  4.79  maf  per  year.  The  difference  in  estimates  amounts  to 
about  800,000  acre-feet  per  year,  or  about  16  percent  of  the  1974  figure  for 
average  annual  flow.  Considering  the  magnitude  of  this  difference,  care 
must  be  exercised  in  using  the  reported  depleted  flows.  Additional  analyses 
to  reconcile  these  differences  are  in  order. 

Regulation  -  The  Kansas  River  Basin  has  considerable  reservoir  re- 
gulation of  flows  and  additional  sites  are  available  for  development.  The 
major  storage  facilites  are  shown  in  Table  9-2. 

Flow  Variability  -   The  flow  variability  in  the  basin  is  indicated  in  Table 
9-3  and  on  Figures   9-2  through  9-4.      For  the  ten-year  period  1960  through 
1969,   the  flow  at  Bonner  Springs  varied  from  a  low  of  2.03  maf  to  a  high  of 
8.46  maf  per  year.      In  terms  of  the   1974  USGS  mean  annual  flow,   this  range 
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Table  9-1      Average  Annual   Flow  Kansas  River  Basin  at  Bonner  Springs,  Kansas 


Source  of  Data 


Average  Annual 
Flow  (Acre -Ft.  ) 


Period  of  Record      Remarks 


1.  Missouri  River 
Basin  Comprehen- 
sive Framework 


4,154,000 


Adjusted  for  1970 
level  of  develop- 
ment 


2.     U.S.  Geological        5,024,000 
Survey 


1917-1974 


Flow  reflects  some 
regulation  and 
diversions 


3.     Water  Resources      5,730,000 
Council  1968  Assess- 
ment 


Given  as  average 
annual  natural 
runoff  (does  not 
reflect  depletions) 


4.     Water  Resources     4,790,000 
Council  1975 
(unpublished) 


1918-1972 


Present  modified 
flow  (1975)  amount 
actually  flowing  out 
of  basin 


5.     State  Data-Kansas  4,  019,  500 
State  Water  Plan 
1974 


1917-1970 


1970  level  of  de- 
velopment 
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is  from  44  to  168  percent  of  the  mean.  For  a  longer  period  of  record 
(1947-1963),  Figure  9-2  shows  that  about  10  percent  of  the  time  the  flow 
at  Bonner  Springs  is  less  than  or  equal  to  about  37  percent  of  the  mean  while 
about  one  year  in  four  the  flow  is  equal  to  or  less  than  about  50  percent  of  the 
mean.  Figure  9-3  indicates  that  the  flow  variability  in  the  Republican  River 
is  about  the  same  as  for  the  Kansas  River  at  Bonner  Springs.  Figure  9-4 
shows  that  the  flows  in  the  lower  portion  of  the  basin  are  somewhat  more 
variable  than  those  in  the  upper  reaches  of  the  basin.  Zero  flows  have  been 
recorded  on  many  tributaries. 
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Table  9-2       Major  Reservoirs  in  the  Kansas  River  Basin* 


Name  of  Reservoir 


Agency 


Capacity 


Year  of  Closure 


Kanopolis 
Harlan  County 

Tuttle  Creek 

Wilson 

Milford 

Perry 

Clinton 

Grove 

Bonny 

Swanson  Lake 

Enders 

Harry  Strunk 

Hugh  Butler 

Norton 

Lovewell 

Cedar  Bluff 

Round  Mound 

Kirwin 

Webster 

Waconda  Lake 


CE 

432,900 

CE 

840,500 

CE 

2,  367,000 

CE 

776,000 

CE 

1, 160,000 

CE 

770,000 

CE 

397,200 

CE 

157,000 

BR 

170,000 

BR 

254,000 

BR 

75,000 

BR 

89,000 

BR 

87,000 

BR 

135,000 

BR 

92,000 

BR 

377,000 

BR 

176,000 

BR 

315,000 

BR 

261,000 

BR 

976,000 

1946 
1951 

1959 

1964 

1966 

1966 

Future 

Future 

1951 

1953 

1951 

1949 

1962 

1964 

1957 

1951 

Future 

1955 

1956 

1968 


^Missouri  River  Basin  Comprehensive  Framework  Study 
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Table  9-3       Flow  Variability  in  the  Kansas  River  Basin  at 
Bonner  Springs,   Kansas  (location  2)* 


Year  Average  Annual  Flow  (Acre -Feet) 

7,065,000 
8,464,000 
6,973,000 
2,430,000 
2,195,000 
6,609,000 
2,028,000 
5,995,000 
4,491,000 
7,  347,000 


1960 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

J.  S.   Geological  Survey  Water  Supply  Paper  No.    1919  (1969)  and  2119  (1973). 
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Figure  9-2    KANSAS  RIVER  AT  BONNER 
SPRINGS,  KANSAS  1947-1963 
(location  2) 
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Figure  9-3   REPUBLICAN  RIVER  NEAR  HARDY, 
NEBRASKA  1953-1963 
(location  3) 
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Figure  9-4  SMOKY  HILL  RIVER  AT  ENTERPRISE, 
KANSAS  1947-1963 
(location  4) 
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2.     Water  Quality 

Surface  Water   -   The   quality  of  surface  waters  in  the  basin  is  affected 

by  mineral    constituents  which  are   of  natural,    industrial,    and  agricultural 

1/ 
origin  and  by  organic  wastes  of  both  municipal  and  industrial  origin. 

In  the  extreme  western  portions  of  the  Saline,    Solomon,   and  Smoky  Hill 
rivers,    waters  are   bicarbonate  in  character  and   of  good  quality  except  that 
they  are  usually  very  hard.      The  concentration  of  total  dissolved   solids  ge- 
nerally  ranges    from   2  50   to   500  milligrams    per  liter.      In  the  Smoky  Hill 
River  drainage  west   of  Cedar  Bluff  Reservoir,    calcium -sulfate  water  is  en- 
countered.       Eastward    of  Cedar  Bluff  Reservoir   on  the  Smoky  Hill  River 
and  Webster  and  Kirwin  reservoirs  in  the  Solomon  River  Basin,   the  common 
minerals   encountered  in   surface  waters   are  calcium,   magnesium,    sulfate, 
and  chloride.      In  the  lower  reaches  of  the  Smoky  Hill,    Saline,   and  Solomon 
rivers,    surface  waters   are   highly   mineralized   during  periods  of  low  flow, 
with    concentrations   of  total   dissolved   solids   ranging  from   1,000   to   2,000 
milligrams  per  liter. 

The  Republican  River  and  the  Big  Blue  River  have  water  low  in  mineral- 
ization,   with  the  concentration  of  total  dissolved   solids  generally  below   500 
milligrams  per  liter,   and   classified  as  of  excellent   chemical  quality.     Ex- 
tensive irrigation    development    in    the    basins   of  both    streams   may  effect 
marked  changes  in  the  chemical  quality  of  these  waters  in  the  future. 

Higher  precipitation  and  runoff  in  the  lower  Kansas  Subbasin  and  the 
better  quality  of  the  lower  subbasin  tributaries  result  in  good  chemical  quali- 
ty in  the  Kansas  River.  At  the  mouth  of  the  Kansas  River,  the  water  is  of 
a  calcium -bicarbonate  type  with  a  prevalent   concentration  of  total  dissolved 

17    MissouriBasin  Interagency  Committee,    "The  Missouri  River  Basin  Com- 
prehensive    Framework  Study",    volume    6,     Hydrologic  Analysis,    U.  S. 
Govt.   Printing  Office,   Washington,   D.  C.  ,   December  1971. 
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solids  near  300  milligrams  per  liter.  On  occasion,  however,  the 
concentrations  may  fluctuate  as  much  as  100  to  400  milligrams  per  liter 
above  this  prevalent  value. 

Livestock    wastes,    silt,    nutrients,    pesticides,    and    municipal    and  in- 
dustrial pollutants  affect  water  quality  in  this  basin. 

Groundwater  -Groundwater  quality  is  generally  good  enough  in  the  basin 
for  most  uses  although  there  are  areas  where  it  is  highly  mineralized. 
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B.     Existing  Water  Resources  Development  and  Use 

A  summary  of  estimated  annual  streamflow  depletions  or  total 
consumptive  use  by  several  categories  for  the  Kansas  River  is  given  in 
Table  9-4.  The  increase  in  depletions  indicated  by  the  comparison  of  the 
1965  and  1975  figures  is  related  mostly  to  expansion  of  irrigated  agriculture 
in  the  basin. 
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Table  9-4       Annual  Consumptive  Use  or  Streamflow  Depletion  in 
the  Kansas  River  Basin  -  (1000  acre-feet) 


Type  of  Use 

Agency  or  Source 

Municipal 

and 
Industrial 

Minerals      Irrigation 

Steam - 
Electric 

Evapora- 
tion 
(Reservoir) 

Other 

Total 

1.     WRC  1968 
Assessment 
(1965  level)* 

122 

1,720 

3 

-- 

50 

1,  895 

2.     WRC  1976 
estimates 
(1975  level)** 

43 

13                2,870 

4 

356 

73 

3,  359 

^Does  not  include  reservoir  evaporation 


**Total  Consumptive  use  -  includes  some  groundwater  not  directly  linked  to 
stream  systems 
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C.     Projected  Water  Needs 

The  average  annual  flow  in  the  Kansas  River  Basin  is  about  4.  5  maf 
(mean  of  values  reported  by  WRC  and  MRBCFS  Table  9-1).  Deducting  1970- 
2000  level  depletions  of  0.6  maf  (Table  9-5)  gives  a  surplus  of  3.9  maf. 
Once  instream  flow  uses  are  imposed,  the  result  is  a  deficit  of  about  0.9 
maf  per  year.  The  flow  variability  in  the  basin  is  such  that  about  10  per- 
cent of  the  time  the  annual  flow  will  be  only  about  37  percent  or  less  of 
the  mean  annual  flow.  On  an  average  annual  flow  basis,  problems  to  the 
year  2000  do  not  appear  to  be  severe  although  it  appears  that  instream 
uses  will  not  be  completely  satisfied. 
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Table  9-5     Incremental  Streamflow  Depletions  or  Consumptive  Use 
in  the  Kansas  River  Basin 
(1000  acre-feet) 


Type  of  Use 

j> 

Agency 
or 
Source 

Municipal 
&  In 
dustrial 

En- 
ergy 

Irriga- 
tion 

Imports, 
Exports 

In- 
st re  am 

Other 

Total 
With 
out  In- 

stream 

Total 
With 
In 
stream 

1.     Missouri 

14 

26 

398 

Import 
190 

not 

374 

622 

River  Basin 
Comprehen- 
sive Frame- 
work Study 
(1970-2000) 

given 

2.     WRC  1976 
Estimates 
(1975- 
2000)** 

35 

45 

35 

Import 
0          4, 

760*** 

27 

142 

4902 

-Figures  may  not  fully  reflect  Indian  water  development  aspirations. 

"*Values  are  estimated  based  on  WRC  preliminary  data  for  1975  assessment. 

-**Instream  flow  approximation  is  defined  as  a  flow  regime,  consisting  of 
quantitative  expressions  of  judgmental  estimates  of  monthly  flows  at  the 
outflow  point(s)  of  a  basin  sufficient  to  support  the  habitat  of  aquatic 
lif<-  forms  and  outdoor  recreation:  solely  as  input  to  the  environmental 
alternative  policy  run  of  the  agricultural  assessment  being  made  by  the 
Agricultural  Resource  Assessment  System  Technical  Committee,  and  the 
volumetric  adequacy  analysis  being  made  by  WRC  staff  as  part  of  the 
1975  national  assessment.  These  values  are  preliminary  and  may  be 
subject  to  significant  change. 
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X.     MIDDLE  MISSOURI  RIVER  TRIBUTARIES 

The  drainage  area  of  the  Middle  Missouri  River  Tributaries  includes 
portions  of  Iowa,  Nebraska,  Kansas,  Missouri,  Minnesota  and  South  Dakota 
(Figure  10-1). 

The  average  annual  precipitation  in  the  basin  is  about  29  inches  with  a 
minimum  5  year  average  reported  at  22.  3  inches  through  1966. 

A.     Water  Supply 
1.     Surface  Water 

Historic  Flows  -  The  surface  water  resource  of  the  Middle  Missouri 
River  Tributaries  is  summarized  in  Table  10-1.  The  figure  reported  by 
WRC  in  1976  is  lower  than  those  from  previous  studies  but  it  was  based  on 
a  relatively  short  record  which  included  a  predominance  of  below  average 
flows. 

Regulation  -There  is  little  capability  in  this  basin  for  significant  storage 
and  regulation  works.  Small  reservoirs  exist  but  exert  minimal  influence 
on  flows  and  the  potential  for  future  development  of  any  consequence  is  al- 
most non-existent. 

Flow  Variability  -  The  flow  variability  in  the  basin  is  indicated  in  Table 

10-2  and  on  Figure   10-2.      Table   10-2    shows  the  average  annual  flows  for 

the  period   1960   to    1969    on    the    Missouri    River   at  Sioux    City,     Iowa   (the 

upper  reach  of  the  area)  to  Kansas  City,    Missouri  (the  most  downstream 

point).      In  the   1968   assessment  of  the  Nation's  water  resources,    the  WRC 

estimated  that  about   10  percent   of  the  time   the   annual  flow  would  be  only 

1/ 
about   26    percent    of  the  mean.  "      Figure   10-2    shows  that  the  flow  on  the 

T7    U.  S.    Water  Resources  Council  ''The  Nation's  Water  Resources",  Wash- 
ington,   D.  C. ,   1968. 
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Table  10-1       Average  Annual  Flow  in  Middle  Missouri  River  Tributaries 


Source  of  Data 


Average  Annual 
Flow  (Acre -Ft.  ) 


Period  of  Record 


Remarks 


1.     Missouri  River 
Basin  Compre- 
hensive Frame' 
work  Study 


7,670,000 


Adjusted  for  1970  level 
of  development 


U.  S.   Geological 
Survey 


7,  301.000 


Minimum  record 
length  1953-1974 


Composite  figure  de- 
termined from  records 
at  4  stations.     Flow 
reflects  regulation  and 
diversions 


Water  Resources 
Council  1975 
(unpublished) 


6,220,000 


1959-1972 


Adjusted  for  1975  level 
of  development.     Cal- 
culated from  data  on 
several  subareas. 


10-4 


Table  10-2      Flow  Variability  In  the  Middle  Missouri  River  Regions- 


Year 


Sioux  City,   Iowa 


Kansas  City,   Missouri 


Average  Annual  Flow 
(Acre-Feet  ) 


Average  Annual  Flow 
(Acre-Feet  ) 


1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 


16,010,000 
13,470,000 
16,290,000 
15,620,000 
16,020,000 
17,130,000 
19,  740,000 
19,440,000 
20,430,000 
26,450,000 


36,670,000 
34,110,000 
37,690,000 
24,920,000 
26,280,000 
39,  780,000 
27,950,000 
34,880,000 
30,250,000 
47,320,000 


*U.S.   Geological  Survey  Water  Supply  Paper  Nos.    1917   and  1919  (1969)   and 
2117  and  2119  (1973). 


10.0 


s 
£ 

CO 


cu 

CD 

i_ 
CU 

> 

i 

a3 
Q_ 


1.0 


0.1 


&"*"  * 

n  a  1 

0.41 

5  10  20  30  40  50  60  70  80  90  95    99 

Percentage  of  Time  Row  is  Equal  To  or  Less  Than 
Stated  Percentage  of  Average  Annual  Row 

Figure  10-2  NISHNABOTNA  RIVER  ABOVE 

HAMBURG,  IOWA  1923, 1929-1963 
(location  3) 


10-6 

Nishnabotna    River  is    less  than  or  equal  to  about  41   percent  of  the  mean 
annual  flow  about  10  percent  of  the  time. 

2.     Water  Quality 

The  subbasin  streams  carry  heavy  loads  of  suspended  sediment  and 
turbidity  is  high  most  of  the  time.  All  have  experienced  undesirably  low- 
levels  of  dissolved  oxygen  as  the  result  of  inadequately  treated  wastes,  low 
flows,  and  warm  water  temperatures.  Low  dissolved -oxygen  levels  also 
are  experienced  after  heavy  runoff  has  produced  high  levels  of  stream  tur- 
bidity. 

Groundwater  quality  in  the  basin  is  generally  poor  with  total  dissolved 
solids  concentrations  ranging  up  to  over  4500  milligrams  per  liter. 
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B.     Existing  Water  Resources  Development  and  Use 

A  summary  of  estimated  annual  streamflow  depletion  or  total  consumptive 
use  by  several    categories   is   given  in  Table   10-3   .      The   figures   given  by 
WRC  for   1975   reflect  10  years  of  change  from  the  previous  estimate  which 
explains  the  significant  difference. 
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Table  10-3      Annual  Consumptive  Use  or  Streamflow  Depletion 
in  the  Middle  Missouri  River  Basin  -(1000  acre-feet) 


Type  of  Use 

Agency  or  Source 

Municipal 
and 
Industrial 

Minerals     Irrigation 

Steam - 
Electric 

Evapora- 
tion 
(Reservoir) 

Other    Total 

1.      WRC  1968 

Assessment 
(1965  level)   1,   2/ 

12 

50 

2 

-- 

29          93 

2.     WRC  1976 
estimates 
(1975  level)    1_/ 

37 

3                      56 

11 

19 

50        176 

1/    Total  consumptive  use  — includes  some  groundwater  not  directly  linked  to 
stream  systems 

2/    Does  not  include  reservoir  evaporation 
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C.     Projected  Water  Needs 

Incremental  depletions  for  the  Middle  Missouri  River  Basin  are 
shown  in  Table  10-4.  This  basin  includes  the  main  stem  of  the  Missouri 
River  from  Sioux  City  to  Kansas  City.  The  water  supply  will  barely  meet 
projected  consumptive  uses  especially  during  July  and  August  by  the  year 
2000.  Using  a  40  percent  depletion  criteria,  stream  flows  for  instream 
uses  are  inadequate  in  1975  for  the  period  of  June  through  September  and  de- 
teriorate further  by  the  year  2000.  Flows  will  be  inadequate  for  navigation- 
al purposes  about  2  months  each  year  in  1985  and  2000  under  normal  con- 
ditions. During  a  dry  year  (once  in  20  years)  the  entire  navigation  season 
would  be  lost  at  the  198  5  level  of  development. 
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Table  10-4     Incremental  Streamflow  Depletions  or  Consumptive  Use 
in  the  Middle  Missouri  River  Basin 
(1000  acre-feet) 


Type 

of  Use* 

Agency 
or 
Source 

Municipal 
&  In- 
dustrial 

Energy 

Irriga- 
tion 

Imports, 

Exports 

(net) 

In-           Other 
stream 

Total 

Without 

Instream 

1.     Missouri 
River  Basin 
Comprehen- 
sive Frame- 
work Study 
(1970-2000) 

40 

54 

770 

-- 

471 

1335 

2.     WRC  1976 
Estimates 
(1975- 
2000)** 

18 

65 

13 

- 

26 

122 

-Figures  may  not  fully  reflect  Indian  water  development  aspirations. 


Values  are  estimated  based  on  WRC   preliminary  data  for   1975   assess- 
ment. 


11-1 

XL     LOWER  MISSOURI  RIVER  TRIBUTARIES 

This  drainage    basin  includes   parts   of  Kansas,    Iowa  and  Missouri. 
Its  outlet  is  the  point   of  discharge  to  the  Mississippi  River.     (Figure  11-1) 
Major  tributaries   include    the    Chariton  and  Grand  rivers,    and  the   Osage, 
Marais  des   Cygnes,    and  Gasconade   rivers.      The  Missouri  River  flows   in 
an  easterly   direction  through  an  alluvial  valley,    bounded  by  bluffs  reaching 
300  feet  above  the  valley  floor.       The  most   prominent  water  bodies  are  the 
Lake  of  the   Ozarks.      (a   private   power   company  reservoir),    and  Harry  S. 
Truman  Lake,     (a  Corps   of  Engineers   project  under   construction).      Other 
major  impoundments  include   Fort  Scott,    Melvern  and  Pomona  reservoirs  in 
Kansas,    and  Thomas    Hill,     Pomme   de   Terre,    and  Stockton   reservoirs   in 
Missouri. 

Precipitation  variesfrom  an  annual  average  of  35  inches  in  the  north- 
west to  approximately  45  inches  in  the  southwest. 

A.     Water  Supply 

1.     Surface  water 

Historic  Flows  -The  average  annual  flows  as  estimated  for  the  Missouri 
River  Basin  under  various  levels  of  upstream  development  are  reported  in 
Tables  11-1  and  11-2.  Note  that  the  figures  given  in  Table  11-1  are  for  the 
Missouri  River  at  Hermann,  Missouri  and  include  flows  from  all  upstream 
basins  while  those  given  in  Table  11-2  reflect  flows  originating  within  the 
Lower  Missouri  River  Tributaries.  The  1968  and  1975  figures  for  depleted 
streamflow  are  in  general  agreement  and  it  appears  that  the  present  modified 
flow  of  the  Missouri  River  at  Hermann  is  about  51.  3  maf  per  year. 
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Table  11-1       Average  Annual  Flow  Missouri  River  Basin 
Above  Hermann,   Missouri 


Source  of  Data 


Average  Annual        Period  of  Record       Remarks 
Flow(Acre-Ft.  ) 


1.     Missouri  River 
Basin  Comprehen- 
sive Framework 
Study 


53,600,000 


1970  level  of  develop- 
ment 


2.     U.S.   Geological 
Survey 


57,710,000 


1897-1974 


Reflects  regulation  and 
diversions 


3.     Water  Resources 
Council  1968 
Assessment 


60,700,000 


Given  as  average  annual 
natural  flow  (depletion 
not  subtracted) 


4.    Water  Resources 
Council  1975  (un- 
published) 


51,300,000 


1929-1972 


1975  level  of  development 
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Table  11-2       Average  Annual  Flow  Lower  Missouri    River  Tributaries 


Source  of  Data 


Average  Annual        Period  of  Record       Remarks 
Flow  (Acre -Ft.) 


1.     Missouri  River 
Basin  Compre- 
hensive Framework 
Study 


17,263,000 


1970  level  of  development 


2.     U.S.   Geological 
Survey 


18,070,000 


1897-1974 


Reflects  regulation  and 
diversions 


3.     Water  Resources       17,450,000 
Council  1968  Asses- 
sment 


Average  annual  natural 
runoff  (no  depletions  ) 


4.    Water  Resources 
Council  1975  (un- 
published) 


14,931,000 


1929-1972 


1975  level  of  development 
(present  modified  flow) 
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Regulation  -  A  number  of  major  reservoirs  exist  in  the  Lower  Missouri 
Basin.  These  are  shown  in  Table  11-3.  Some  additional  storage  sites  are 
available  although  the  optimal  locations  have  already  been  developed. 

Flow  Variability  -  according  to  an  estimate  by  the  WRC  in  1968,  the 
flow  of  the  Missouri  River  in  the  lower  tributaries  is  equal  to  or  less  than 
about  33  percent  of  the  mean  annual  flow  about  10  percent  of  the  time.  Fi- 
gures 11-2  and  11-3  for  the  Chariton  and  Osage  Rivers  show  that  about  10 
percent  of  the  time,  their  flows  are  less  than  or  equal  to  about  42  and  37 
percent  of  the  average  annual  figures  respectively.  A  further  indication  of 
flow  variability  may  be  had  by  referring  to  the  1960  to  1969  sequence 
of  annual  flows  measured  at  Hermann,  Missouri  given  in  Table  11-4.  Flows 
in  the  table  range  from  30,370,000  acre-feet  to  81,450,000  acre-feet  or 
from  about  53  to  140  percent  of  the  average  annual  flow  during  this  10  year 
period. 
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Table  11-3      Major  Reservoirs  in  the  Lower  Missouri  River  Basin 


Reservoir 


Capacity 


Rathbun 

Melvern 

Pomona 

Fort  Scott 

Stockton 

Kay  singer  Bluff 

Pomme  de  Terre 

Thomas  Hill 

Harry  S.   Truman 


551, 700 

363,000 

246, 500 

235,  500 
1,674,000 
5,209,000 

648, 700 
85,175 

under  construction 
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Table  11-4       Flow  Variability  of  the  Missouri  River  at  Hermann  Missouri 

Year  Annual  Flow  (Acre -Feet*  ) 

1960  54,260,000 

1961  66,650,000 

1962  52,980,000 

1963  30,370,000 

1964  35,300,000 

1965  62,730,000 

1966  38,900,000 

1967  54,860,000 

1968  46,940,000 

1969  81,450,000 


U.S.   Geological  Survey  Water  Supply   Paper   1918   (1969)   and  2118  (1973). 
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2.     Water  Quality 

Throughout  the  basin,  overland  runoff  contributes  large  amounts  of 
silt  and  organic  material  to  the  streams.  Most  communities  provide  good 
secondary  treatment  of  municipal  wastes,  but  base -flow  characteristics  of 
the  streams  are  such  that  flows  generally  are  inadequate  to  assimilate  the 
treated  wastes  without  quality  degradation.  In  several  reaches  of  the  Osa- 
ge, Marais  de  Cygnes,  Grand,  Chariton,  and  Blue  rivers,  dissolved -oxygen 
levels  during  periods  of  low  flow  drop  below  values  desirable  for  propagation 
of  aquatic  life. 

Many  streams  have  high  concentrations  of  conform  organisms,  and 
localized  problems  occur  in  lake  recreational  areas. 

Groundwater  quality  is  generally  poor  with  total  dissolved  solids  read- 
ings in  excess  of  4,  000  mg/1  having  been  recorded. 
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B.     Existing  Water  Resources  Development  and  Use 

Annual  streamflow  depletions  or  total  consumptive  use  are  summarized 
in  Table   11-5.      The  trends   in   consumptive  use   show  increases  from   1965 
to  1975  and  are  reflected  in  these  figures. 
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Table  11-5         Annual  Consumptive  Use  or  Streamflow  Depletion  in  the 
Lower  Missouri  River  Tributaries  Basin  -(1000  acre-feet) 


Type  of  Use 

Agency  or 
Source 

Municipal 

and 
Industrial 

Minerals    Irrigation    Steam - 
Electric 

E vapor a-      Other 
tion 
(Reservoir) 

Total 

1.     WRC  1968 
Assessment 
(1965  level)  1,2/ 

59 

--                  1                       4 

72 

136 

2.     WRC  1976 
estimates 
(1975  level)  1_/ 

64 

8                  8                   15 

196                43 

334 

1/    Total  consumptive  use  — includes  some  groundwater  not  directly  linked  to 
stream  systems 

2/    Does  not  include  reservoir  evaporation 
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C.     Projected  Water  Needs 

Incremental  depletions  for  the  Lower  Missouri  River  Basin  are  given 
in  Table  11-6.  It  appears  that  current  average  annual  water  supplies  will  be 
adequate  to  meet  projected  consumptive  requirements  for  the  year  2000  al- 
though instream  flow  needs  might  be  restricted  especially  during  the  month 
of  August.  Other  instream  flow  shortages  could  result  from  trade-offs  in- 
volving the  diversion  of  water  for  other  purposes. 
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Table  11-6     Incremental  Streamflow  Depletions  or  Consumptive 
Use  in  the  Lower  Missouri  River  Basin 
(1000  acre-feet) 


Type  of  Use* 

Agency  or 
Source 

Municipal 

and 
Industrial 

Energy 

Irriga-     Imports, 
tion           Exports 
(net) 

In- 
s'tream 

Other    Total 

Without 
In- 
stream 

1.     Missouri  River 
Basin  Compre- 
hensive Frame- 
work Study 
(1970-2000) 

77 

60 

358 

546       1047 

2.    WRC  1976  Esti- 
mates** 
(1975-2000) 

40 

150 

0 

-- 

11           201 

*Figures  may  not  fully  reflect  Indian  water  development  aspirations. 
**Values  are  estimated  based  on  WRC  preliminary  data  for  1975  assessment. 


12-1 


XE.     GROUNDWATER    RESOURCES  OF  THE    MISSOURI    RIVER    BASIN 

In  1966   a  map  was  published  by  the  U.S.    Geological   survey,    showing 

the  general  availability  of  groundwater  and  depth  to  water  level  in  the  Mis- 

1/ 
souri  River  Basin.  The  map  showed  five  categories  of  groundwater  quan- 
tities available  to  wells,  and  four  categories  of  depth  to  water  level.  The 
text  on  the  map  claimed  that  it  showed  areas  where  "properly  located  .  .  .  and 
properly  constructed  wells  generally  are  capable  of  yielding  amounts  of  water 
as  shown  in  the  five  patterns  mentioned  above.  This  water  would  be  of  a 
chemical  quality  generally  satisfactory  for  most  ordinary  uses."  The  map 
did  not  indicate  the  total  quantity  of  water  which  could  be  safely  developed 
in  any  given  area  or  groundwater  reservoir;  "these  determinations  general- 
ly can  be  made  only  on  the  basis  of  special  investigations.  " 

Unfortunately,  such  reservations  still  apply  although  specific  ground- 
water studies  have  been  made  and  others  are  underway  in  several  locations 
in  the  Missouri  River  Basin  (see  Appendix  I). 

A.     The  MBIAC  Report 

General  Statement.  --The  Missouri  River  Basin  Interagency  Committee 
attempted  a  quantitative  overview  of  the  groundwater  situation  in  the  Mis- 
souri  River  Basin  in  its  1969  report.  The  only  comprehensive  data  on  the 


T7    La  Rocque,    G.  A. ,    Jr.  ,    "General  Availability  of  Groundwater  and  Depth 
to  Water    Level    in    the    Missouri    River    Basin":       U.  S.    Geol.    Survey, 
Hydrol.  Invest.   HA-217,   1966. 

2_/    MBIAC,    "Hydrologic  Analyses  and  Projections":  Appendix  to  Vol.   6  of  Com- 
prehensive Framework  Study,  Missouri  River  Basin,   June,   1969;  Chapter 
7,  Groundwater  Availability,   p.   91-102. 
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groundwater  resources  of  the  basin  are  given  therein  and  while  they  are 
highly  generalized,   they  represent  the  best  information  available. 

Plate  20  of  that  report  shows  the  estimated  quantity  of  groundwater  in 
storage  in  selection  areas.  Additional  geologic  and  hydrologic  knowledge  of 
other  parts  of  the  Basin  enable  the  contemplation  of  numbers  that  might  re- 
present the  known  additional  groundwater  resources  available  elsewhere  in 
the  region. 

Unfortunately,  dependable  data  even  for  reconnaisance  purposes  are 
scarce  and  the  need  for  an  adequate  data  base  is  urgent. 

Aquifers 

Groundwater  in  the  Missouri  River  Basin  occurs  in  aquifers  classified 
as  (1)  sand  and  gravel  alluvium,   (2)  glacial  deposits,   (3)  dune-sand  deposits, 
(4)  basin -fill  deposits  of  sand  and  gravel,   (5)  sandstone,   (6)  fractured  sandy 
siltstone,   and  (7)  limestone  and  dolomite  (Figure  12-1). 

Unconsolidated  aquifers  have  potential  for  conjunctive  use  with  surface 
water,  and  for  artificial  recharge.  Wells  completed  in  aquifers  of  type  (1) 
often  have  high  yields,  because  they  are  usually  connected  hydraulically  to 
surface  streams  and  are  highly  transmissive;  the  water  quality  is  generally 
good,  also.  Aquifers  of  type  (2),  although  sometimes  difficult  to  locate 
and  occasionally  containing  saline  water,  nevertheless  are  a  source  of  water 
supply  for  many  users.  Basin-fill  aquifers  (4),  which  are  several  thousand 
feet  thick,   contain  large  groundwater  supplies. 

Sandstone  aquifers  (5)  are  generally  less  transmissive  than  uncon- 
solidated aquifers.  Water  quality  therein  is  variable,  but  adequate  for  most 
needs.      Interbasin  movement    of    such  groundwater  occurs  in  the  Virgelle 
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(Milk  River)  aquifers,  the  Fox  Hills -basal  Hell  Creek  aquifer,   and  the  Dakota 
aquifer.   (Appendix  II). 

In  limestone  and  dolomite  aquifers  (7),  groundwater  occurs  in  small 
pores  and  fractures  and  even  large  caverns,  causing  yields  from  wells  to 
range  widely.     Water  quality  is  highly  variable. 

Saline  groundwater  occurs  throughout  the  Missouri  River  Basin  region. 
Total  dissolved  solids  reach  concentrations  as  high  as  30, 000  mgl  (milli- 
grams per  litre)  in  aquifers  in  glacial  deposits  in  Montana.  Saline  water  is 
common  in  sandstone  aquifers  in  Wyoming,  North  Dakota,  and  South  Dakota, 
with  a  maximum  reported  concentration  of  280,000  mgl  from  the  Tensleep 
Sandstone  in  Wyoming.  Limestone  aquifers  also  contain  saline  water  in  many 
areas,  with  a  maximum  dissolved- solids  concentration  of  350,000  milligrams 
per  litre   from  the   Madison  Group  in  the  Williston  Basin  in  North  Dakota. 

The  Aquifers.  --In  some  parts  of  the  Missouri  River  Basin,  Kansas, 
Missouri,  Nebraska,  Colorado,  and  Southeastern  Wyoming,  a  sufficient 
number  of  test  holes  have  been  drilled  so  that  subsurface  geohydrologic 
conditions  to  depths  of  at  least  several  hundred  feet  are  known  in  consi- 
derable detail.  For  the  remainder  of  the  Basin,  detailed  information  on 
sources  of  groundwater  supply  at  depths  less  than  500  feet  is  available  only 
for   scattered  areas  or  for   point  locations. 

Artesian  aquifers  at  somewhat  greater  depths  have  been  more  inten- 
sely studied  so  considerable  detailed  information  is  available  for  many  lo- 
calities,  especially  in  South  Dakota,    North  Dakota,   Montana,   and  Wyoming. 

The  more  important  water-bearing  stratified  rocks  are  described 
briefly  in  the  following  paragraphs,  beginning  with  the  geologically  youngest 
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(upper)    rocks   and    proceeding    to  older    (lower)   ones--just  as  those   rocks 
are  encountered  when  a  well  is  drilled. 

Unconsolidated  deposits   of  Quaternary  Age  provide  more  than  half  of 

II 

the  water  withdrawn  from  wells  in  the  Missouri  River   Basin.  Although 

these  deposits   are  present  in  each  of  the  States  of  the   Basin,    their  current 

and  future  importance  vary    from    State    to  State   and   also  from   locality  to 

locality  within  a  particular  State.     The  MBIAC  report  suggests  that: 

"probably  not  more  than  25  percent  of  the  total 
volume  of  Quaternary  deposits  is  capable  of  yielding 
water  freely  to  wells  [although]  Colorado,  Kansas, 
and  Nebraska  are  well  endowed  with  deposits 
[having]  a  high  yield  capability,  and  great  quantities 
of  water  have  been  withdrawn  .  .  .  annually  for  many 
years. " 

Quaternary  deposits  include  alluvial  material  deposited  (now  and  in  the 
past)  beneath  stream  valleys,  silt  and  sand  deposited  by  the  wind  and  a  wide 
variety  of  sediments  derived  from  rock  debris  left  behind  by  melting  gla- 
ciers. 

The  buried  valleys  of  the  ancestral  Missouri  River  and  its  tributaries 
constitute  an  important  aquifer  of  this  type,  with  an  estimated  storage  of 
1.  7  million  acre  feet  (maf).  The  buried  valleys  of  the  ancient  Yellowstone 
River  and  some  of  its  tributaries  (in  southeastern  Montana  and  northwestern 
North  Dakota)  are  another  important  aquifer,  with  an  estimated  1.  2  maf  of 
water  in  storage.  In  northwestern  North  Dakota  the  ancient  Little  Missouri 
River's  buried  valley  consitutes  a  third  important  aquifer  of  this  type, 
with  0.  8   maf  in  storage.      Two  other  significant  aquifers  of  this   type  are  in 

T7  MBIAC,  "Hydrologic  Analyses  and  Projections":  Appendix  to  Vol.  6  of 
Comprehensive  Framework  Study,  Missouri  River  Basin,  June  1969; 
Chapter  7,   Groundwater  Availability,   p.    91-120. 
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eastern  South  Dakota,   where  buried  valleys  of  east-trending  ancient  rivers 
go  into  the  glaciated  area;  one      of  these,   in  north-central  South  Dakota  east 
of  the  present    mouth  of  the  Grand  River,    contains   an  estimated   3. 1    maf, 
and  the   other,   near  Lake  Andes  in  southeastern  South  Dakota,   contains   3.0 
maf. 

Stratified  sand  and  gravel  deposits,  which  filled  melt-water  channels 
between  glaciations,  likewise  contain  much  water  in  storage.  The  most  sig- 
nificant of  these,  in  east-central  South  Dakota,  contains  an  estimated  20  maf 
of  water.  Similar  deposits,  laid  down  by  melt  water  from  the  last  ice 
sheet,  likewise  can  contain  significant  quantities  of  groundwater;  an  example 
is  the  Big  Sioux  River  Valley  of  southeastern  South  Dakota,  whose  sediments 
are  estimated  to  contain  7.  9  maf  of  water. 

Along  the  mainstream  Missouri  River,  this  valley  is  underlain  by  sand 
and  gravel  deposits  containing  groundwater,  so  that  the  middle  reach  (be- 
tween Garrison  Dam  in  central  North  Dakota  and  the  upper  end  of  the  Oahe 
Reservoir  in  north- central  South  Dakota)  contains  an  estimated  0.  2  maf  in 
storage;  farther  south,  however,  between  the  mouth  of  the  Niobrara  River 
(at  the  South  Dakota -Nebraska  border)  and  the  mouth  of  the  Missouri  River 
(at  St.  Louis)  a  huge  quantity  of  17  maf  is  estimated  to  be  stored  in  the 
sediments  of  the  present  Missouri  River  Valley. 

Groundwater  in  the  valley  alluvium  bordering  the  glaciated  area  of 
Kansas  is  estimated  to  total  1.5  maf.  Nebraska  likewise  has  such  water- 
saturated  deposits. 

Intermontane  structural  basins  in  southwestern  Montana  contain  thick 
envelopes  of  water-bearing  Quaternary  deposits.  The  quantity  of  water 
stored  therein- -in  Montana--is   estimated  to  be   5.0   maf.      The   only  inter- 
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montane  structural  basin  in  Wyoming  that  contains  extensive  deposits  of 
Quaternary  alluvial  materials  is  the  Laramie  Basin;  however,  because  the 
deposits  are  only  45  feet  thick  and  the  underlying  bedrock  is  nearly  imper- 
meable, large  supplies  of  water  cannot  readily  be  developed  through  conven- 
tional wells. 

Long  stretches  of  several  stream  valleys  in  the  vast  part  of  the  Mis- 
souri River   Basin  between  the  Rocky   Mountain  front  and  the  glaciated  part 
of  the  Basin  (marked  by  the   Missouri  River  itself)   contain  alluvial  deposits 
that  are   generally  capable   of   yielding    large  quantities   of    water  to  wells. 
The  more  important  of  these  are  listed  in  Table  12-1. 
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Table  12-1      GROUNDWATER  STORGE  IN  STREAM-VALLEY  ALLUVIAL 
DEPOSITS,   NON-GLACIATED  AND  NON- MOUNTAINOUS 
PORTION  OF  THE  MISSOURI  BASIN* 


Valley 


Location 


Estimated 
Water  in 
Storage 


Sun  River 
Missouri  River 
Musselshell  River 

Yellowstone  River 

Clark  Fork 

Rock  Creek 

Bighorn  River 

Tongue  River 

Powder  River 

Wind  and  Popo 

Agie  Rivers 
Sweetwater  River 

Belle  Fourche  River 
North  Platte  River 

Pumpkin  Creek 
South  Platte  River 

&  Tributaries,   NE 

Colorado 
Lodgepole  Creek 

Republican  River 

South  Fork  of  Re- 
publican River 
Frenchman  Creek 

Prairie  Dog  Creek 

Smoky  Hill  River 


Northwestern  Cascade  County,   Montana  50,  000 

Central  Cascade  County,   Montana 

Western  Musselshell  County,   Montana,   to 
junction  with  the  Missouri  River  100,  000 

Central  Park  County,   Montana,   to  border  of 
glaciated  area  at  Intake,   Montana 

Northern  Park  County,   Wyoming,   to  junction 
with  Yellowstone  River 

Central  Carbon  County,   Montana,   to  junction 

with  Clark  Fork  1,  400,  000 

Central  Big  Horn  County,   Montana,   to  junc- 
tion with  Yellowstone  River 

Southern  Rosebud  County,   Montana,  to  junc- 
tion with  Yellowstone  River 

Central  Powder  River  County,   Montana,   to 
junction  with  Yellowstone  River 

Central  Fremont  County,   Wyoming  600,  000 

Southeastern  Fremont  and  southwestern 

Natrona  Counties,  Wyoming  200,  000 

Southwestern  Crook  County,   Wyoming  50,000 

Eastern  Platte  County,   Wyoming,   to 

central  Lincoln  County,   Nebraska  10,000,000 

Banner  and  Morrill  Counties,  Nebraska 
Northwestern  Douglas  County,   Colorado, 

to  central  Lincoln  County,   Nebraska  28,  000,  000 

Eastern  Laramie  County,   Wyoming,   to 
Sedgwick  County,   Colorado 

Southwestern  Dundy  County,   Nebraska, 
to  junction  with  Smoky  Hill  River 

Southwestern  Cheyenne  County,   Kansas,   to         3,000,000 
junction  with  Republican  River 

Southeastern  Chase  County,  Nebraska, 
to  junction  with  Republican  River 

Central  Norton  County,  Kansas,   to  junction 
with  Republican  River 

Western  Wallace  County,  Kansas,  to  junc- 
tion with  Republican  River 
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Table  12-1      GROUNDWATER  STORGE  IN  STREAM -VALLEY  ALLUVIAL 
DEPOSITS,   NON-GLACIATED  AND  NON- MOUNTAINOUS 
PORTION  OF  THE  MISSOURI  BASIN* 
(CONTINUED) 


Valley 


Location 


Estimated 
Water  in 
Storage 


Saline  River 

South  Fork  Solomon 

River 
North  Fork  Solomon 

River 
Solomon  River 

Kansas  River 


Northeastern  Trego  County,  Kansas,  to 

junction  with  Smoky  Hill  River 
Western  Graham  County,   Kansas,   to 

junction  with  North  Fork  Solomon  River 
Southwestern  Norton  County,  Kansas,  to 

junction  with  South  Fork  Solomon  River 
Western  Mitchell  County,  Kansas,   to 

junction  with  Smoky  Hill  River 
Northern  Geary  County,  Kansas,  to  mouth 

of  Blue  River 


(Acre-Feet) 
1,300,000 

800,000 

150,000 


'MBIAC  Framework  Study  1969 


78-913   O  -  77  -  14 
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Sheetlike  deposits  of  sand  and  gravel  were  laid  down  in  eastern 
Nebraska  and  northern  Kansas  by  east -flowing  streams  that  abutted  against 
glaciers  blocking  their  courses  causing  them  to  drop  their  sediment  loads. 
This  huge  reservoir  of  water -saturated  material,  400  feet  thick  and  22,  500 
square  miles  in  extent,  is  estimated  to  contain  230-2  50  maf  of  water  in 
storage. 

Rocks  of  Tertiary  Age  include  the  Ogallala  Formation,  which  is  the 
second  most  important  source  of  groundwater  in  the  Missouri  River  Basin. 
The  Ogallala  spreads  as  a  blanket  across  an  extensive  area  east  of  the  Rocky 
Mountains,  and  consists  of  deposits  of  river -laid  sand  and  gravel  that  were 
spread  as  a  huge  sheet  from  the  Texas  Panhandle  and  southeastern  New 
Mexico  on  the  south,  to  southeastern  Wyoming  and  southwestern  South  Dakota 
on  the  north.  The  Ogallala  deposits  are  partly  well  cemented  and  more  com- 
pact than  the  sheet -like  Quaternary  deposits  of  Nebraska  and  Kansas.  Water- 
level  declines  reflect  a  depletion  of  the  aquifer,  since  withdrawals  are  not 
balanced  by  recharge. 

Quantities   of    water   stored    in  the  Ogallala  Formation  are   estimated 
conservatively    to    be    680    maf- -80    maf    in    Colorado,     70    in  Kansas,    500 

in  Nebraska,   and  30   in  Wyoming;   the  South  Dakota  resources  have  not  been 

±1 
included.  ~ 

Aquifers  that  are  approximately  the  same  age  as  the  Ogallala  are  im- 
portant in  parts   of  southeastern  Wyoming.      Called  the  North  Park  (upper) 

17    MBIAC,    "Hydrologic    Analyses   and  Projections'1:       Appendix  to  Vol.    6~ 
of  Comprehensive  Framework  Study,   Missouri  River  Basin,   June,    1969; 
Chapter  7,   Groundwater  Availability,    p.    91-102. 
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and  Browns   Park  (lower)  Formations,   their  groundwater  resources  have  not 
been  quantified. 

Other  Tertiary  aquifers,  the  Arikaree  sequence  (below  the  Ogallala) 
of  western  Nebraska  and  southeastern  Wyoming,  and  the  Flaxville  gravel  of 
northeastern  Montana  (comparable  in  age  to  the  Ogallala -Arikaree  sequence) 
contain  less  water  and  yield  it  less  readily  to  wells;  their  storage  has  not 
been  quantified,   but  it  is  considerable. 

The  same  can  be  said  for  older  (lower)  Tertiary  rocks,  which,  how- 
ever,  are  even  less  permeable. 

Rocks  of  Mesozoic  Age  do  not  have  the  water  storage  and  water  pro- 
ducing capacities  of  the  Quaternary  and  Tertiary  sediments,  described  pre- 
viously. However,  several  of  the  Mesozoic  rock  units  are  important  and 
reliable  sources  of  water  supply  for  domestic  and  livestock  use  throughout 
much  of  the  area  where  they  are  exposed  at  the  ground  surface  or  lie  at 
depths  of  only  a  few  hundred  feet.  The  most  important  of  these  are  listed 
in  Table  12-2. 
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Table  12-2      LIST  OF  IMPORTANT  MESOZOIC  AQUIFERS  IN  THE 
MISSOURI  RIVER  BASIN  AREA  (MBIAC,   1969,   p.   99) 


Western  Part 


Central  Montana 


Northeastern  Wyoming 
Western  South  Dakota 


Judith  River  Formation 
Eagle    Sandstone 
Telegraph  Creek  Formation 

Fall  River  Formation 
Lakota  Formation 


Central  Wyoming 

Central  Montana 

Southeastern  South  Dakota 
Most  of  Wyoming 
South-Central  Montana 

Northwestern  Wyoming 

Wyoming 

South -Central  Montana 


Cloverly  Formation 

Kootenai  Formation 

Ellis  Formation 
Swift  Formation 
Sundance  Formation 

Nuggett  Sandstone 

Chugwater  Formation 


Eastern  Part 


Eastern  South  Dakota 


Eastern  North  Dakota 
Eastern  South  Dakota 
Eastern  Nebraska 
Eastern  Kansas 


Niobrara  Formation 
Codell  Sandstone  Member 
of  Clarlile  Shale 

Dakota  Formation 
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One  aquifer  of  Mesozoic  age  for  which  numbers  are  avilable  is  the 
Kootenai  Formation  in  Montana's  Judith  structural  basin,  where  the  water 
is  under  sufficient  artesian  pressure  to  flow  at  the  surface;  this  aquifer  is 
estimated  to  contain  0.  3  maf  of  groundwater  in  storage. 

Uncontrolled  flowing  wells  can  significantly  deplete  an  aquifer,  as  il- 
lustrated by  the  Dakota  Formation- -which  underlies  a  huge  area  that  extends 
from  eastern  North  Dakota  southward  to  central  Kansas.  A  great  number 
of  small-diameter  wells  were  drilled  into  the  Dakota  aquifer  in  the  first 
few  decades  after  it  was  discovered  some  90  years  ago,  and  their  uncon- 
trolled flow  has  caused  a  disastrous  drop  in  the  water  level  particularly 
in  North  and  South  Dakota- -so  that  areas  in  which  Dakota  aquifer  wells  for- 
merly flowed  now  must  have  wells  drilled  and  pump-capacity  installed  to  lift 
the  water  from  depths  as  great  as  150-200  feet  below  the  surface.  Total 
discharge  from  the  Dakota  aquifer  is  currently  estimated  to  exceed  150  acre- 
feet  per  day  (55,  000  acre-feet  per  year). 

Aquifers  in  rocks  of  Paleozoic  Age  are  important,  particularly  near 
the  mountain  uplifts  where  these  rocks  come  to  the  surface  or  are  at  shal- 
low depths.  In  addition,  because  of  artesian  pressure,  some  of  the  older 
(lower)  Paleozoic  aquifers  are  important  even  though  they  are  buried  as 
much  as  3000-4000  feet  below  the  ground  surface.  Their  great  artesian  pres- 
sure permits  the  water  to  rise  to  a  level  near  the  surface  of  the  wells, 
or  even  to  flow.  The  most  important  upper  Paleozoic  aquifers  are  listed 
in  Table  12-3. 
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Table  12-3        LIST  OF  IMPORTANT  UPPER  PALEOZOIC  AQUIFERS  IN  THE 
MISSOURI  RIVER  BASIN  AREA  (MBI,    1969,    p.    99-100) 


Western  South  Dakota 
Eastern  Wyoming 

Southern  and  Eastern  Montana 
Western  North  Dakota 
Much  of  Wyoming 
Western  South  Dakota 

Northeastern  Colorado 
Western  Nebraska 


Minnekahta  Limestone 


Complex  of  Quadrant  Sandstone 

Upper  Amsden  Formation 
Tensleep  Sandstone 
Upper  Part  of  Amsden  Forma- 
tion 
Hartville  Formation 
Fountain  Formation 


Central  Montana 

Central  Montana 

Montana 

Wyoming 

Western  North  Dakota 

Northwestern  Nebraska 

Northeastern  Colorado 

Western  South  Dakota 


Heath  Formation 

Kibbey  Sandstone 

Madison  Limestone 
Pahasapa  Limestone 
Guernsey  Limestone 


Lower  Paleozoic  aquifers  are  important  in  the  Black  Hills  and  in  the 
Ozark  area.  In  the  Black  Hills  area  these  aquifers  are  under  great  artesian 
pressure.  The  lower  Paleozoic  rocks  in  the  southeastern  part  of  the  Mis- 
souri River  Basin,  which  crop  on  the  flanks  of  the  Ozark  Uplift  in  Missouri, 
extend  below  much  of  northwestern  Missouri  and  adjoirning  parts  of  the 
neighboring  states  of  Iowa,  Kansas,  and  Nebraska.  An  estimated  352  maf 
of  water  is   stored  by  lower   Paleozoic  aquifers  in  this  southeastern  part   of 

y 

the  Missouri  River  Basin. 


1T7     La  Rocque,    G.  A.  ,    Jr.  ,    "General  Availability  of  Groundwater  and  Depth 
to  Water  in    the    Missouri  River   Basin":      U.  S.    Geol.    Survey,    Hydrol. 
Invest.   HA-217,    1966. 
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Estimated  total  groundwater  in  storage  is  3100  maf  (See  Table  12.-4) 
of  which  42%  is  in  the  Platte -Niobrara  River  Basin  and  another  47%  is  in 
three  additional  areas  (Eastern  Dakota,  19%;  Kansas,  16%;  and  Lower  Mis- 
souri,   12%). 


Table  12-4     ESTIMATED  GROUNDWATER  STORAGE  IN  THE  MISSOURI 

RIVER  BASIN  AREA 


Subbasin 

Upper  Missouri 
Yellowstone 
Western    Dakota 
Eastern  Dakota 
Platte -Niobrara 
Middle  Missouri 
Kansas 
Lower  Missouri 


Million  Acre  Feet 

9 
15 
231 
604 
1,297 
109 
491 
358 


3,114 


Percent 

0. 

3 

0. 

5 

7. 

4 

19. 

4 

41. 

6 

3. 

5 

15. 

8 

11. 

5 

100.0 


B.     Use  of  Groundwater 

The  annual    pumpage   of    groundwater   in    the    Missouri    River  Basin, 

averaged  2.2   maf  in  the   period   1951-55,   increased  to   3.1   maf  in   1956-60 

6/ 
and  to  4.0   maf  in  1961-65.  Most  of  the  water  use  during  1961-65  period 

occurred  in  the  States  of  Nebraska  (1.  8  maf),  Kansas  (1.  0  maf),   and  Colora- 
do (0.  7  maf). 

Significant  water-level  declines  have  occurred  in  many  areas } although 
in  the  South   Platte  River  area  of  Nebraska,   recharge  from  irrigation  water 


F7  MBIAC,  "Hydrologic  Analyses  and  Projections":  Appendix  to  Vol.  6  of 
Comprehensive  Framework  Study,  Missouri  River  Basin,  June  1969; 
Chapter  7,   Groundwater  Availability,   p.    91-102. 
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has  largely     offset  water  that     has  been  withdrawn     from  the  groundwater 

7/ 
reservoir. 

Declines  in  the  pressure  surface  of  artesian  water  in  many  areas  of 
the  Missouri  River  Basin  have  likewise  been  recorded.  Such  groundwater 
mining  has  been  particularly  severe  in  the  Texas  High  Plains,  where  the 
Ogallala  aquifer  has  been  subject  to  heavy  overdrafts;  as  a  result  the  courts 
have  ruled  that  the  water  users  in  that  unitized  district  are  eligible  for  tax- 
depletion  allowances  for  the   gradual  exhaustion  of  this  diminishing  asset. 

In  several  parts  of  the  Missouri  River  Basin,  groundwater  withdrawals 
have  resulted  in  reduced  base  flow  to  streams.  This  concern  is  valid  where 
pumping  from  wells  intercepts  water  that  otherwise  would  be  discharged  in- 
to a  stream,  or  causes  a  stream  to  reverse  its  groundwater  relationship 
from  effluent  to  influent. 

C.     Data  Requirements  for  Groundwater  Development  and  Management 

Comprehensive  water-management  planning  requires  periodic  or  con- 
tinuous inventorying  of  groundwater  systems.  This  is  important  since  re- 
liance on  groundwater  supplies  is  increasing,  even  though  groundwater  is 
still  undeveloped  in  many  areas  in  the  basin. 

Recharge  to  aquifers  is  derived  from  precipitation,  irrigation-return 
water,  leaky  surface  reservoirs,  losing  streams,  and  leakage  from  other 
aquifers.  Although  natural  groundwater  movement  is  generally  in  the  same 
direction  as  surface  drainage,  movement  in  deeper  aquifers  between  surface 


"T7    MBIAC,    "Hydrologic  Analyses  and  Projections":     Appendix  to  Vol.    B~ 
of  Comprehensive  Framework  Study,  Missouri  River  Basin,   June,   1969; 
Chapter  7,  Groundwater  Availability,   p.   91-102. 
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drainage  basins  has  been  identified  in  several  areas.  Aquifers  discharge 
to  streams,  springs,  phreatophytes,  wells,  and  to  other  aquifers;  in  parts 
of  the  Missouri  River  Basin  region,  aquifers  are  confined  and  flowing  wells 
may  be  developed. 

Development  of  groundwater  supplies  or  incorporation  of  groundwater 
into  basin-wide  water-resources  management  programs  requires  several 
types  of  hydrologic  information  and  procedures.     These  include: 

1.  Location  and  type  of  lateral  and  vertical  boundaries  of  the 
aquifer  to  define  the  geometry  of  the  flow  systems.  The 
boundaries  are  determined  by  geologic  mapping,  from 
well  logs,  or  the  response  of  the  aquifer  to  pumping  or 
other  hydrologic  stresses;  and 

2.  Inventory  of  existing  wells  and  test  holes,  and  aquifer 
testing  to  provide  information  on  the  geologic  and  hydrau- 
lic properties  of  the  flow  systems  and  on  changes  in 
groundwater  storage  with  time. 

Once  such  basic  data  are  obtained,  a  water  budget  for  the  aquifers 
can  be  prepared,  to  show  (1)  average  recharge,  (2)  changes  in  storage  and 
discharge,  and  (3)  relative  magnitude  of  water  sources,  water  uses,  and 
water  losses. 

Response  of  an  aquifer  to  use  may  be  determined  from  the  geometric 
and  hydraulic  properties  of  the  aquifer.  Combining  the  above  information 
leads  to  an  understanding  of  the  hydrogeology  and  a  capability  to  predict, 
which  aid  in  the  design  of  water -management  plans  and  thus  to  improved 
water  use.  Before  being  implemented,  however,  the  feasibility  of  water- 
management  plans  should  be  field -tested. 

Although  ther  are  numerous  constraints  which  affect  the  capability  of 
a  plan  to  be  implemented- -such  as  economic  feasibility,     State  or  interstate 
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regulations  for  water  administration,   availability  of  capital,   and  cooperation 
among  participants --the  most    important    constraint    is    the  inadequacy    (or 
virtual  lack)   of  basic  physical  and  chemical  data  on  the  hydrologic  system. 
A  brief  tabulation  of  the  adequacy  of  such  information  in  the  Missouri  River 
Basin  is  given  in  Appendix  II. 

Water  Quality 

Groundwater  quality  in  the  Missouri  River  Basin  is  variable  and  sa- 
line groundwater  occurs  through  the  region.  The  fact  that  groundwater  quali- 
ty  is  sometimes  poor  does  not  mean  that  it  is  useless,  however.  Desali- 
nation may  be  economic  for  certain  purposes.  In  addition,  saline  ground- 
water may  be  used  without  treatment  for  water  flooding  in  oil  fields  to 
increase  oil  production,  or  for  industrial  cooling.  Hot  saline  water  in  deep 
aquifers  may  become  a  future  geothermal  resource.  Saline  groundwater 
reservoirs  may  be  used  for  several  types  of  storage --for  toxic  wastes,  for 
natural  gas,  or  for  fresh  water  which  can  later  be  withdrawn  with  little 
deterioration  in  quality.  Specific   information  on  groundwater  quality  is 

given  in  Appendix  III. 


$7    Kohout,    F.  A. ,    "Reorientation  of  our   saline  water  resources  thinking": 
Water  Resources  Research,   v.   6,  no.   5,     1970,   p.   1442-1448. 

£/    Moulder,    E.A.,    "Freshwater  bubbles;   a  possibility  for  using  saline  a- 
quifers  to  store  water":    Water  Resources  Research,  v.   6,  no.   5,   1970, 
p.   1528-1531. 
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XIH.       LEGAL  CONSIDERATIONS  IN  THE  MISSOURI  RIVER  BASIN 

Federal  water  resource  development  in  the  Missouri  River  Basin  is 
primarily  that  embodied  in  the  Pick-Sloan  Plan.  Authorized  by  Section  9 
of  the  1944  Flood  Control  Act,  Public  Law  534,  78th  Congress,  the  Missouri 
River  Basin  Project  was  a  compromise  between  the  Corps  of  Engineers'  com- 
prehensive plan  for  the  Basin  as  specified  in  House  Document  475,  78th 
Congress  and  that  of  the  Bureau  of  Reclamation  presented  in  Senate  Document 
191,  78th  Congress.  The  compromise  which  was  published  as  Senate  Document 
274,    78th  Congress,   included  elements  of  each  of  the  plans. 

The  Pick-Sloan  program  called  for  development  by  the  Corps  of  Engineers 
of  five  major  reservoirs  on  the  main  stem  of  the  Missouri  (Fort  Peck  Reservoir 
was  already  constructed)  and  various  associated  works.     The  Bureau  of  Reclama- 
tion was  directed  to  build  other  reservoirs  and  irrigation  projects  on  tributary 
streams.     The  Pick-Sloan  compromise  was  achieved  in  an  atmosphere  of  some 
urgency  as  the  Congress  was  anxious  to  get  underway  with  this  large-scale  water 
resources  development  program. 

Since  initiation  of  the  project,  questions  have  been  raised  relative  to 
issues  not  recognized  or  considered  unimportant  at  the  time  the  Pick-Sloan 
Plan  was  designed.  Many  of  these  are  of  a  legal  nature.  The  most  significant 
ones  are  presented  in  the  following  sections. 

A.     Water  Law  of  the  Missouri  River  Basin  States 
The  drainage  basin  of  the  Missouri  River  includes  portions  of  ten  States 
and  two  Canadian  provinces:    Seven  States  are  characterized  by  relatively  light 
precipitation  and  are  highly  dependent  upon  irrigation  for  support  of  their 
agricultural  economy. 
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The  water  laws  of  the  seven  western  States  are  based  primarily  on 
the  appropriation  rights  doctrine.   The  concept  is  that  if  one  diverts  water 
from  a  stream  for  beneficial  use,   he  acquires  a  right  to  the  use  of  that  water 
and  is  assigned  a  priority  in  time  acording  to  the  date  the  water  was  first 
used.     In  times  of  shortage,    senior  appropriators  receive  their  full  entitle- 
ment before  junior  rights  are  satisfied.     Prior  appropriations  doctrine  States 
generally  have  an  agency  responsible  for  administering  water  rights  through 
a  permit   system.     Montana    adopted  such  a  system  in  1973,   previously  having 
relied  on  the  State's  court  system. 

Until  the  late     1950's,   the  three  easternmost  States  --  Minnesota, 
Iowa,   and  Missouri  --  relied  primarily  on  the  riparian  water  rights  doctrine. 
In  1957,   however,   Iowa  adopted  a  water  use  permit  system  more  akin  to  the 
prior  appropriations  system.     Minnesota  also  uses  a  permit  system.     Under 
the  riparian  rights  doctrine,  the  owner  of  land  contiguous  to  a  body  of  water 
has  the  right  to  use  that  water.     Such  right  is  generally  restricted  to  a  reason- 
able use  which  does  not  significantly  impair  the  quality  or  quantity  of  the  water 
for  downstream  users.      There  is  no  need  to  establish  an  historical  use  pat- 
tern.    In  riparian  states,    the  right  to  use  groundwater  generally  is  associated 
with    ownership  of  land  but  it  is  often  subject  to  reasonable  use  restrictions. 

North  and  South  Dakota,   Nebraska  and  Kansas  all  subscribe  to  the 
prior  appropriations  doctrine,   but  originally  they  were  governed  by  the 
riparian  rights  doctrine  and  still  recognize  certain  riparian  rights.     Kansas 
and  South  Dakota  converted  in  1945  and  1955  respectively  and  for  the  most 
part  only  riparian  rights  in  use  prior  to  those  dates  are  recognized.     In  both 
States,   the  two  water  rights  systems  operated  simultaneously  for  many  years 
before  complete  conversion.     North  Dakota  similarly  developed  a  prior 
appropriations  system  on  top  of  a  riparian  doctrine,   but  the  date  of  full 


13-3 

conversion  is  not  clear.     While  Nebraska  converted  to  the  prior  appropriations 
doctrine  as  early  as   1895,   a  1969   court  case,    Brummand  v  Vogel,    184  Neb. 
415,    168  N.W.        2d     24   (1969),    indicates  that   riparian   rights  for  domestic 
use  might   still  be  valid.      In  Nebraska,   ground  water  use  is  a  riparian  right, 
in  the  other  three  States  it  is  subject  to  the  prior  appropriations  system. 

The  three  westernmost  States  --  Montana,  Wyoming,  and  Colorado  -- 
repudiated  the  riparian  water  rights  doctrine  from  the  very  beginning,  adopting 
the  prior  appropriations  doctrine.  Ground  water  use  is  also  treated  by  prior 
appropriations  systems. 

The  States  vary  in  regard  to  restrictions  governing  changes  of  use, 
sales,   or  transfer  of  water  rights.     In  Wyoming,  for  example,  water  rights 
are  specific  to  the  type  and  place  of  use  and  consequently  cannot  be  sold  or 
transferred,   although  they  can  be  changed  to  higher  priority  use.     In  Nebraska, 
irrigation  water  rights  are  similarly  specific  to  place  and  use.     In  Colorado, 
on  the  other  hand,  water  rights  are  separable  from  the  land  and  may  be  freely 
sold  or  transferred.    A  "change  of  water  right,  "  must  be  obtained  for  the  new 
use,  but  will  be  approved  if  it  will  not  harm  other  water  rights.     The  States 
also  vary  in  their  provisions  for  termination  of  water  rights  through  forfeiture 
or  abandonment.     In  1973,  the  National  Water  Commission  suggested  that 
facilitating  transfer  of  water  rights  would  be  an  effective  means  of  making  more 
efficient  use  of  available  water  supplies.   1_/ 

Many  Western  States  have  priority  rankings  of  water  uses,   some  such 
as  Colorado  even  provide  for  condemnation  of  senior  but  lower  priority  uses. 
Municipal  and  domestic  uses    including  livestock  watering,   followed  by  irrigation 


1_/  National  Water  Commission.     Water  Policies  for  the  Future.     Washington,   DC. 
U.S.   Govt.   Print.   Off.,    1973,   pp.   260-270. 
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are  usually  given  top  priority.     Ease  of  transfer  of  water  rights  and  priority 
of  use  are  both  important  issues  in  the  Missouri  River  Basin  States    since 
they  influence  the  ability  to  move  water  from  one  sector  to  another.     For 
example,   potential  energy  development  could  be  facilitated  by  transferring 
some  water  committeed  to  agriculture. 

In  what  may  be  a  response  to  current  pressures  being  placed  on  the 
water  resource  due  to  proposed  energy  developments,    some  changes  in  State 
water  laws  are  emerging.  Montana  in  a  major  overhaul  of  its  water  rights 
administration  system  in  1973  included  provision  for  the  setting  of  minimum 
streamflows  for  fish  and  wildlife  purposes.     In  1974,  Wyoming  passed  a 
law  prohibiting  export  of  water  from  the  State  without  approval  of  the  State 
Legislature. 

B.     Interstate  Water  Law 
In  1973,   plans  were  announced  for  construction  of  a  coal  slurry  pipe- 
line from  Wyoming  to  Arkansas.     Controversy  over  the  proposal  developed 
because  of  water  issues,    particularly  in  regard  to  interstate  water  law. 
The  first    choice  of    a  water   source      was   deep  groundwater  in  the  Madison 
Formation  which  underlies  South  Dakota,   Montana  and  Wyoming.     Several 
South  Dakota  communities  draw  municipal  water  supplies  from  the  Madison 
Formation.     These  and  other  interests  from  adjoining  States  are  concerned 
that  they  could  be  adversely  affected  by  massive  pumping  from    this 
regional    aquifer.      There  is,    however,    no  Federal  statute  law  to  deal  with 
interstate  ground  water  issues.  In  fact,   there  is  virtually  no  Federal  statute 
law  to  deal  with  interstate  surface  waters.    As  interpreted  by  Arizona  v  Cali- 
fornia,    373   U.S.     546   (1963),     the    1928   Boulder    Canyon   Act  did   constitute 


13-5 

an  allocation  of  water  from  an  interstate  stream  among  States,   but  there  is 
no  Federal  policy  on  the  subject. 

Another  problem  related  to  the  coal  slurry  pipeline  is  the  inter- 
state diversion  of  water  which  would  result  from  transport  of  the  slurry 
mixture.     In  arid  areas  of  the  U.  S.  ,   the  issue  of  inter-basin  transfers  of 
water  is  highly  emotional.     Unfortunately,   there  is  no  national  policy    on 
this  subject  although  the  National  Water  Commission  did  propose  a  frame- 
work for  consideration  of  transbasin  diversion  proposals.     Wyoming  has 
enacted  legislation  prohibiting  transfer  of  water  outside  of  the  State,   without 
approval  of  the  State  Legislature  (Wyo.   Stat.   41-10.5(1974)).     In  the 
absence  of  Federal  statute,  the  constitutionality  of  such  a  law  is  subject  to 
challenge. 

In  the  absence  of  a  general  Federal  policy  regarding  interstate 
waters,  there  are  devices  available  to  the  States  to  resolve  interstate 
conflicts.      The   most  widely  used  is  the  interstate  compact.      These  in- 
struments can  be  used  to  allocate  interstate  waters  or  for  other  purposes. 
Alternatively,   judicial  resolution  can  be  sought  before  the  Supreme  Court 
although  only  a  few  interstate  adjudications  have  been  made. 

Several  major  subbasins  of  the  Missouri  River  Basin  are  covered  by 
compacts,   treaties,   or  court  decrees,   including  much  of  the  Rocky  Mountain 
headwaters.     Working  from  north  to  south:    an  allocation  of  the  waters  of 
the  Milk  River  is  included  under  the  Boundary  Waters  Treaty  of  1909  with 
Canada.     The  rest  of  the  Upper  Missouri  River  Tributaries  Subbasin  is 
not  covered  but  most  of  it  is  within  Montana;  the  small  drainage  within 
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Wyoming  is  within  Yellowstone  National  Park.     The  critically  important 
Yellowstone  River  Basin  is  covered  by  a  compact  between  Montana, 
Wyoming,   and  North  Dakota  approved  by  Congress  in  1951.     An  allocation 
compact  between  Wyoming  and  South  Dakota  for  the  Belle  Fourche  River 
was  approved  by  Congress  in  1944.     Both  the  North  Platte  River  and  its 
tributary  the  Laramie  River  have  been  the  subject  of  Supreme  Court  decrees. 
The  most  recent  case  for  the  North  Platte  was  Nebraska  v.   Wyoming,    32  5 
U.S.   589  (1945),  and  for  the  Laramie,  Wyoming  v  Colorado,     353  U.S.   953 
(1957).    A  compact  between  Colorado  and  Nebraska  for  the  South  Platte 
River  was  approved  by  Congress  in  1926  and  one  between  Colorado,  Nebraska 
and  Kansas  for  the  Republican  River  in  1943.     The  most  recent  alloca- 
tion compacts  within  the  Missouri  River  Basin  were    between  Wyoming  and 
Nebraska  for  the  Upper  Niobrara  River  and  between  Kansas  and  Nebraska 
for  the  Big  Blue  River.     These  were    approved  in  1969  and  19  72  respectively. 

Flows  in  most  of  the  interstate  tributaries  in  the  dryer  western 
portion  of  the  Missouri  River  Basin  have  been  allocated  among  the 
States  involved.     Additional  legal  instruments  might  be  in  order  as  water 
depletions  increase  and  conflicts  between  uses  and  users  become  more 
prevalent. 

C.     Indian  Water  Rights 
The  Indian  tribes  have  been  settled  on  "reservations,  "  which  were 
set-aside  for  the  purpose  of  promoting  agriculture    and  "civilization"  among 
the  Indians.     In  the  arid  West,  the  lands    of  most  of  the  reservations  are 
virtually  valueless  without  irrigation  water.    It  appears  then  that  the  establish- 
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ment  of  the  Indian  reservations  must  have  implied  a  concurrent  creation  of 
rights  to  sufficient  water  for  the  tribes  to  lead  a  meaningful  existence.  This 
fundamental  concept  of  Indian  water  rights  was  established  in  law  by  the 
1908  case  of  Winters  v.   United  States,   207  U.  S.    564. 

Indian  water  rights  under  the  Winters  doctrine  are  separate 
and  distinct  from  water  rights  established  under  the  prior  appropriations 
concept  used  in  most  Western  states. 

Indian  water  rights  are  independent  of  the  State  law  system.     They 
arise  in  Federal  law  and  generally  are  established  at  the  time  a  reservation 
is  created.     When  the  reservation  is  on  lands  aboriginally  owned  by  the 
Indian  tribe,  the  water  rights  may  be  considered  to  exist  from  time  im- 
memorial.    Ordinary  appropriated  waters  have  a  priority  in  time  dating  to 
the  time  of  first  use  or  from  the  date  of  a  permit  while  Indian  rights  have 
a  priority  in  time  dating  at  least  to  the  date  the  reservation  was  established. 
Indian  reservations  considered  to  have  aboriginal  water  rights  would  have 
first  priority  on  the  body  of  water  serving  their  supply. 

On  an  historical  basis,   the  amount  of  the  water  right  would  seem 
to  be  sufficient  water  to  satisfy  agricultural  and  related  needs.     Thus  far 
there  has  been  only  one  major  adjudication  of  Winters  doctrine  rights. 
This  was  by  the  1963  Arizona  v.   California  decision,   373  U.  S.   546  (1963), 
which  paved  the  way  for  authorization  of  the  Central  Arizona  Project.   The 
decision  in  that  case  was  that  the  five  Central  Tribes  of  Arizona  had  the 
right  to  sufficient  water  to  irrigate  all  the  "practicably  irrigable  acreage" 
on  their  reservations.   Future  adjudications  may  face  a  variety  of  issues  such 
as:  the  eligibility  of  municipal  and  industrial  needs  for  water  rights;  the 
ability  to  use  irrigation-based  rights  for  other  purposes;  and,  whether  the 
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water  right  should  be  permanently  fixed  or  allowed  to  change  with  the  times. 
The  amount  of  water  necessary  to  irrigate  practicably  irrigable  acreage  appears 
to  be  the  principal  component  of  Winters  doctrine  rights,   however. 

While  several  Indian  water  rights  cases  have  been  decided  in  regard 
to  Missouri  River  Basin  reservations  --  United  States  v.   Powers,  305  U.S.    527 
(1938),   Conrad  Investment  Co.   v.    United  States,    161  F  829  (9th  Cir.   1908), 
and  Winters  v.   United  States),    207  U.  S.    564(1908),   none  have  actually  established 
specific  water  rights  for  the  reservations  involved.   There  are,   however,   three 
cases  currently  pending  (1976)  in  the  U.S.   District  Court  for  Montana  at  Billings- 
Northern  Cheyenne  Tribe  of  the  Northern  Cheyenne  Indian  Reservation  v. 
Tongue  River  Water  Users  Assn.    (Civil  75-20)  United  States  v.   Tongue  River 
Water  Users  Assn  (also  Civil  75-20)  and  United  States  v.   Bighorn  Low  Line  Canal 
(Civil  75-34)-which  could  produce  specific  adjudications  of  Winters  rights  for  the 
Northern  Cheyenne  and  Crow  Indian  Reservations. 

In  all,   there  are  23  Indian  reservations  in  the  Missouri  River  Basin 
encompassing  a  total  of  12,  280,  000  acres  of  land  (Table  13-1). 
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TABLE  13-1.     INDIAN  RESERVATIONS   IN  THE 
MISSOURI   RIVER   BASIN 


Blackfeet,   Montana  905,  800  acres 

Cheyenne  River,   South  Dakota  1,  404,  100 

Crow,   Montana  1,569,200 

Crow  Creek,   South  Dakota  124,900 

Flandereau-Santee,   South  Dakota  2,400 

Fort  Belknap,   Montana  617,  500 

Fort  Berthold,   North  Dakota  421,  100 

Fort  Peck,   Montana  930,400 

Kickapoo,  Kansas  5,  000 

Lower  Brule,   South  Dakota  119,  900 

Northern  Cheyenne,   Montana  433,  700 

Omaha,  Nebraska  27,  400 

Pine  Ridge,   South  Dakota  1,  721,  600 

Potawatomie,  Kansas  20,  100 

Rocky  Boy's,   Montana  107,600 

Rosebud,   South  Dakota  958,  500 

Sac  and  Fox,  Nebraska  80 

Santee,  Nebraska  5,  800 

Sisseton,   North  and  South  Dakota  106,  500 

Standing  Rock,  North  and  South  Dakota  849,  300 

Wind  River,   Wyoming  1,886,600 

Winnebago,   Nebraska  28,  200 

Yankton,  South  Dakota  34,  100 


13-10 


Water  resource  inventories  under  the  auspices  of  the  Bureau  of 
Indian  Affairs  (BIA)  are  being  conducted  for  the  Montana  and  Wyoming 
Reservations.     On  the  basis  of  these,   tentative  estimates  of  Indian 
water  requirements  for  the  year  2020  were  developed    (Table  13-2). 

The  first  four  reservations  are  within  the  Upper  Missouri  River 
Subbasin  and  the  last  three  are  in  the  Yellowstone  River  Subbasin.     The 
figures  shown  are  for  all  uses  including  some  energy  development  and  instream 
flow  requirements  for  fish  and  wildlife.     Irrigation  agriculture  accounts 
for  4,  469, 100  acre  ft.   per  year  of  diversions  and  2,  234,  900  acre  ft.  per  year 
of  depletions.     For  a  depletion  of  2.  5  acre  ft.   per  year  per  acre  irrigated, 
this  would  indicate  that  about  14  percent  of  the  acreage  of  these  reserva- 
tions was  considered  irrigable  in  the  BIA  study  (data  from  Table  V-7, 
"Report  on  Water  for  Energy  in  the  Northern  Great  Plains  Area  with 
Emphasis  on  the  Yellowstone  River  Basin). 

If  one  assumes  that  14  percent  of  all  Indian  reservation  acreage 
in  the  Missouri  River  Basin  is  irrigable  and  that  a  depletion  of  2.  5  acre  ft. 
of  water  per  year  per  irrigated  acre  is  also  representative,   Indian  water 
requirements  for  irrigation  could  be  extrapolated  to  a  depletion  of  about  4.  3 
million  acre -feet  per  year  for  the  entire  Missouri  River  Basin.     The 
degree  to  which  this  quantity  of  water  is  accounted  for  in  currently 
projected  water  use  studies  (Section  XIV)  is  uncertain  although  it  is 
known  that  allowances  have  been  made.     The  need  for  a  comprehensive 
determination  is  evident. 
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TABLE  13-2.  TENTATIVE  ESTIMATES  OF  WATER  DIVERSIONS 
AND  DEPLETIONS  ON  INDIAN  RESERVATIONS  IN 
MONTANA  AND  WYOMING 


Blackfeet 

Rock  Boy's 

Fort  Belknap 

Fort  Peck 

Crow 

Northern  Cheyenne 

Wind  River 


Diversions 
Depletions 

Diversions 
Depletions 

Diversions 
Depletions 

Diversions 
Depletions 

Diversions 
Depletions 

Diversions 
Depletions 

Diversions 
Depletions 


878,100 
323,500 

131,400 
64,500 

211,400 
86,600 

1,493,000 
207,000 

2,  114,100 
738,550 

486,500 
251,520 

2,229,000 
965,080 


acre-ft.  /yr. 
acre-ft.  /yr. 


TOTAL 


DIVERSIONS 
DEPLETIONS 


7,  543,500 
2,  637,050 
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D.     Reserved  Rights  of  Federal  Lands 

Conceptually  similar  to  Winters  rights  are  reserved  water  rights  of 
Federal  lands.  National  parks,  national  forests  and  other  Federal  lands  with- 
drawn from  the  public  domain  would  have  rights  to  sufficient  water  to  serve 
the  purposes  for  which  the  reservation  was  made.  This  doctrine  was  enuncia- 
ted in  the  1955  Pelton  Dam  decision,  Federal  Power  Commission  v.  Oregon, 
349  U.S.  435(1955),  and  reaffirmed  by  Arizona  v.  California,  373  U.S.  546 
(1963). 

As  with  Indian  water  rights,  Federal  reserved  rights  can  be  merged 
with  prior  appropriation  rights  under  State  law  by  assigning  the  reserved 
rights  a  priority  date  as  of  the  date  of  the  reservation.  Although  uses  of 
Federal  lands  such  as  mineral  leasing  could  have  large  water  consumption  re- 
quirements, uses  such  as  recreation  and  fish  and  wildlife  would  primarily 
exert  only  instream  requirements.  As  such,  the  impact  of  the  exercise  of 
Federal  reserved  rights  might  fall  primarily  on  upstream  users. 

The  issue  of  Federal  reserved  water  rights  is  of  considerable  signi- 
ficance in  the  Missouri  River  Basin  because  much  of  the  basin's  water  origi- 
nates on  national  forest  and  national  park  lands.  The  Public  Land  Law  Re- 
view Commission  (1970)  estimated  that  66  percent  of  the  average  annual  water 
yield  in  the  Missouri  River  Basin  is  contributed  by  Federal  lands  (p.  147, 
Montana,  Wyoming  and  Colorado  only). 

As  with  Winters   rights,    adjudication  of  Federal  reserved  rights  has 
been  minor.   There  are,   however,    several  cases  pending,   and  these  may  set  a 
precedent  as  to  the  extent  of  Federal  reserved  rights.     The  Indian  water  rights 
cases     mentioned       earlier,       United  States  v.    Tongue  River  Water  Users 
Assn.   and  United  States  v  Bighorn  Low  Line   Canal,   also  seek  adjudication  of 
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reserved  rights  for  non-Indian  Federal  lands.  While  not  directly  affecting 
waters  of  the  Missouri  River  Basin,  there  are  also  important  Federal  re- 
served water  rights  cases  pending  in  State  court  systems,  most  notably  in 
Idaho  and  Colorado. 

E.     The  Industrial  Water  Marketing  Program 

Until  recently,  it  appeared  that  irrigated  agriculture  would  be  the  pre- 
dominant use  of  water  in  the  Misouri  River  Basin  and  that  Federal  water  re- 
source development  efforts  would  be  directed  primarily  to  serving  that  use. 
Currently,  however  there  is  great  interest  in  developing  the  enormous,  but 
previously  considered  uneconomic,  fossil  fuel  resources  of  the  Basin.  This 
development  would  require  the  use  of  large  quantities  of  water. 

Even  before  the  "energy  crisis",  and  the  Administration's  commit- 
ment to  promoting  energy  independence,  the  Bureau  of  Reclamation  had  taken 
steps  to  provide  water  for  energy  development  through  what  is  now  known  as 
the  industrial  water  marketing  program.  The  scope  of  this  program  is  illu- 
strated by  two  Bureau  of  Reclamation  studies:  the  1971  "North  Central  Power 
Study,"  and  the  1972  "Appraisal  Report  on  Montana -Wyoming  Aqueducts," 
both  of  which  contemplate  massive  energy  development  and  maximum  feasible 
provision  of  water  to  serve  that  development. 

In  addition  to  energy  independence  efforts  and  presumably  strong  urg- 
ings  from  the  energy  development  industry,  the  evolution  of  the  water  for 
energy  marketing  effort  may  have  also  been  fostered  by  the  increasing  diffi- 
culty of  obtaining  funds  for  irrigation  development  projects.  The  large  amount 
of  storage   already  available  for  irrigation  purposes  in  the  main  stem  reser- 
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voirs  cannot  be  put  to  this  use  unless  the   supporting  irrigation  projects  are 
constructed. 

Although  Congress  has  never  explicitly  directed  the  Bureau  of  Recla- 
mation to  implement  a  water  for  energy  or  industrial  water  marketing  pro- 
gram, there  are  three  general  authorities  which  could  provide  the  legal  base. 
In  addition,  several  specific  projects  have  included  municipal  and  industrial 
water  supply  as  an  authorized  project  purpose.  The  three  general  authori- 
ties are:  43  U.  S.  C.  521,  43  U.  S.C.  485h(c),  and  43  U.S.  C.  390b(b);  acts 
of  1920,  1939  and  1958  respectively.  The  1920  authority  provides  for  the 
sale  of  water,  in  excess  of  irrigation  needs,  for  purposes  other  than  irriga- 
tion providing  that  the  approval  of  the  water -users'  association(s)  is  first 
obtained.  The  1939  statute  authorizes  sale  of  water  for  municipal  or  mis- 
cellaneous purposes  under  certain  repayment  terms  conditional  only  upon  judge- 
ment that  the  efficiency  of  the  project  for  irrigation  purposes  will  not  be  im- 
paired. The  Water  Supply  Act  of  1958  authorized  the  Bureau  or  the  Corps  of 
Engineers  to  include  storage  for  municipal  or  industrial  water  supply  in  any 
reservoir  if  State  or  local  interests  agree  to  pay  the  proportionate  cost  of 
that  storage.  Modifications  of  projects  already  authorized,  surveyed,  planned, 
or  constructed  which  involve  major  structural  or  operational  changes  or  which 
seriously  affect  the  project's  original  purposes  must  be  approved  by  Con- 
gress. 

Two  efforts  have  been  made  to  implement  the  industrial  water  market- 
ing program  in  the  Missouri  River  Basin.  Both  have  become  the  subject  of 
considerable  controversy.  The  first  effort  involved  water  from  Bighorn  Lake 
(Yellowtail  Dam)   on  the   Bighorn  River,    Montana  and  Wyoming,    and  Boysen 
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Reservoir  on  the  Wind  River  in  Wyoming,  units  of  the  Pick-Sloan  Missouri 
River  Basin  Program.  From  1967  tol971,  the  Bureau  of  Reclamation  let 
16  option  contracts  for  a  total  of  623,  000  acre -feet  of  water  per  year  from 
the  Yellowtail  Unit  and  one  contract  for  35,000  acre-feet  per  year  from  the 
Boysen  Unit.  Applications  were  received  for  substantial  additional  amounts 
of  water.  Ostensibly,  all  of  the  contracts  and  applications  were  for  energy 
development  purposes. 

In  October  1973,  suit  was  filed  to  enjoin  the  Bureau  from  the  con- 
tracting, sale,  or  disposition  of  water  from  the  two  reservoirs:  Environ- 
mental Defense  Fund  v.  Morton,  Civil  No.  1220  (D.  Mont.).  In  some  respects, 
the  case  was  a  challenge  to  the  basic  authority  for  an  industrial  marketing 
program.  While  the  Bureau  had  made  other  contracts  for  industrial 
water  supply,  they  were  apparently  based  on  authority  for  sale  of 
industrial  water  in  the  specific  project  authorization.  The  Boy  sen -Yellowtail 
contracts  may  have  been  the  first  claimed  to  be  based  general  authority. 
The  authority  cited  was  that  of  1939,  43  U.S.C.  485  h  (c),  which  has  lesser 
restrictions  and  greater  flexibility  than  the  1920  or  1958  statutes. 
One  issue  at  stake  in  the  litigation  had  been  whether  the  Bureau 
might  be  required  to  comply  with  the  provisions  of  the  other  authorities  as 
well  as  those  of  the  1939  statute.  The  1948  law  specifies  that  it  is  an  al- 
ternative to  the  1939  authority;  but  the  1939  law  neither  expressly  repeals 
nor  specifies  that  it  is  an  alternative  to  the  1920  authority.  This  allegation, 
however,  was  dismissed  from  the  case.  The  suit  also  challenged  the  authority 
of  the  industrial  marketing  program  by  claiming  that  this  was  not  one  of  the 
purposes  for  which  the  two  reservoirs  were  built  and  consequently  was  a 
violation  of  the   authorizing  legislation,    the   1944  Flood  Control  Act.      Other 
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allegations  included  damage  to  the  water  rights  of  downstream  users  and  vio- 
lation of  the  1939  authority,  the  National  Environmental  Policy  Act,  the  Fish 
and  Wildlife  Coordination  Act,   and  the  Yellowstone  River  Basin  Compact. 

On  22  July  1976,  Judge  Battin  ruled  in  favor  of  the  water  marketing  con- 
tracts on  all  counts.  Plaintiffs  filed  an  appeal  with  the  Ninth  Circuit  Court 
of  Appeals  in  San  Francisco  on  16  September  1976.  The  appeal  is  based 
on  violation  of  the  1944  Flood  Control  Act,  the  1939  authority  for  municipal 
and  miscellaneous  water  sales,  the  National  Environmental  Policy  Act  and 
the  Fish  and  Wildlife  Coordination  Act. 

Meanwhile,  the  Department  of  the  Interior  has  announced  that  it  will 
not  renew  any  of  the  options  without  detailed  plans  for  development.  All  of 
the  options  expire  after  ten  years  if  not  exercised  and  will  be  coming  due 
starting  in  November  1977.  The  speculative  nature  of  the  contracts  had  been 
one  of  the  subjects  of  criticism. 

The  second  effort  to  market  water  for  energy  development  in  the  Mis- 
souri River  Basin  concerns  the  six  reservoirs  on  the  main  stem  of  the  Upper 
Missouri  River  which  are  formed  by  the  Fort  Peck,  Garrison,  Oahe,  Big 
Bend,  Fort  Randall  and  Gavins  Point  Dams.  Under  the  Pick-Sloan  Missouri 
River  Basin  Program,  these  reservoirs  are  operated  by  the  Corps  of  Engi- 
neers but  much  of  the  storage  is  intended  to  serve  Bureau  of  Reclamation 
irrigation  projects.  On  24  February  1975,  the  Secretaries  of  the  Army  and 
the  Interior  entered  into  a  Memorandum  of  Understanding  (MOU)  "in  order 
to  expedite  the  use  of  water  for  energy  development  in  the  Missouri  River 
Basin.  "  The  concept  behind  the  MOU  is  that  much  of  the  water  stored  by 
the  reservoirs,  while  intended  eventually  for  irrigation,  would  not  be  needed 
for  that  purpose  for  the  next  40  to  50  years  and  could  be  used  for  energy  de- 
velopment in  the  interim. 
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Under  the  terms  of  the  Memorandum,  the  Bureau  of  Reclamation  would 
determine  the  amount  of  water  which  is  intended  for  irrigation  but  which  can 
not  be  currently  used  for  that  purpose.  The  Corps  of  Engineers  would  then 
determine  how  much  of  that  water  could  be  made  available  for  energy  develop- 
ment and  the  Bureau  of  Reclamation  could  then  proceed  to  market  the  water. 
The  MOU  is  a  two-year  interim  agreement  but  any  contracts  made  pursuant 
to  the  MOU  would  be  carried  out  to  their  full  term. 

The  ad  hoc  committee  which  did  the  background  study  for  the  MOU  de- 
termined that  three  million  acre-feet  of  water  per  year  could  be  made  available. 
They  suggested  that  upon  request,  contracts  be  negotiated  with  the  individual 
States,  which  would  in  turn  market  the  water  to  the  users,  but  that  if  the 
States  did  not  so  choose,  the  Federal  Government  could  market  the  water 
directly. 

The  principal  reaction  to  the  Memorandum  of  Understanding  has  been  one 
of  concern  by  the  States  that  the  Federal  Government  is  moving  ahead  with 
the  initiative  to  commit  the  use  of  the  States'  water  resources  without  giving 
them    a  sufficient  role  in  the  decision-making  process. 

As  of  18  June   1975,    the  Corps   of  Engineers  and  Bureau  of  Reclamation 
had  together  received  21  distinct  requests  for  industrial  water  contracts  from 
the  main  stem  reservoirs,    totaling  just  over  one  million  acre -feet  per  year. 
One  request  was  received  in  1968,    one  in  1971  and  one  subsequent  to  the  MOU, 
but  most  were  received  from  late  1972  through  1974. 
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No  action  has  been  taken  on  any  of  the  applications  (Sept.  1976).  The 
Bureau  of  Reclamation  announced  that  it  would  prepare  both  a  programmatic 
environmental  impact  statement  on  water  marketing  under  the  MOU  and  indi- 
vidual statements  on  specific  contracts.  The  lack  of  preparation  of  a  pro- 
grammatic impact  statement  is  one  of  the  principal  objections  raised  in  the 
litigation  against  the  industrial  marketing  contracts  from  Boysen  and  Bighorn 
reservoirs. 

Authorities  for  industrial  water  marketing  from  Bureau  of  Reclamation 
reservoirs  were  discussed  previously.  Authority  for  industrial  water  mar- 
keting from  Corps  of  Engineers  reservoirs  would  derive  from  the  1958  Water 
Supply  Act,  or  possibly  Section  6  of  the  Flood  Control  Act  of  1944  (33  U.  S.  C. 
708),  but  the  latter  would  seem  to  have  been  replaced  by  the  1958  Water 
Supply  Act.  While  the  1958  Act  specifies  that  it  is  an  alternative  to  the 
Bureau's  1939  authority  and  that  it  does  not  modify  Sections  1  or  8  of  the 
1944  Flood  Control  Act,  no  mention  is  made  of  Section  6.  Section  8  of  the 
1944  Act  (43  USC  390)  provides  for  the  construction  by  the  Bureau  of  Recla- 
mation of  irrigation  facilities  using  water  from  Corps  of  Engineers  reservoirs, 
but  irrigation  is  the  only  purpose  mentioned. 

F,     State  vs  Federal  Control 

The  Missouri  River  Basin  States  are  looking  closely  at  the  nature  of  their 
water  rights.  Wyoming  has  passed  a  law  prohibiting  export  of  water  from 
the  State  without  approval.  Montana  has  placed  a  moratorium  on  water  use 
permits  in  the  Yellowstone  River  Basin  and  made  it  possible  to  reserve  a 
substantial  portion  of  the  flow  of  that  river  for  fish  and  wildlife  purposes.     The 
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initiatives  of  the  Federal  Government  and  the  energy  industry  to  promote  the 
exploitation  of  the  fossil  fuels  of  the  Northern  Great  Plains  and  the  waters 
of  the  Missouri  River  Basin  in  order  to  do  so,  have  kindled  a  desire  by  the 
States  to  wield  the  decision-making  power  over  the  use  of  the  Basin's  water 
resources.  Much  of  the  controversy  over  the  water  resources  of  the  Mis- 
souri River  Basin  centers  around  the  question  of  who  has  control  over  the 
use  of  that  water,   the  States  or  the  Federal  Government. 

Within  a  framework  of  legal  control,  the  waters  of  the  Missouri  River 
Basin  might  be  divided  into  three  categories.  The  first  of  these  is  prior 
appropriations  rights  under  the  laws  of  the  various  States.  Except  for  the 
possibility  of  preemption  by  Federal  reserved  rights,  these  rights  are  re- 
latively clear,  their  extent  and  purpose  are  known.  Even  here,  however, 
the  National  Water  Commission  has  suggested  changes  in  State  laws  and  pro- 
grams so  that  water  rights  could  be  more  easily  transferred  to  new  uses. 

The  second  category  of  water  rights  is  Indian  water  rights  under  the 
Winters  doctrine  and  reserved  rights  for  non -Indian  Federal  lands.  The 
problem  here  is  one  of  uncertainty  as  to  the  extent  of  these  rights.  While 
the  legal  basis  for  these  rights  has  been  clearly  established,  for  nearly  70 
years  in  the  case  of  Winters  rights  and  since  Arizona  v.  California  (1963)  in 
the  case  of  other  Federal  reserved  rights,  only  in  recent  years  has  litigation 
been  initiated  which  could  lead  to  adjudication  of  significant  specific  rights 
to  water. 

Both  the    Public    Land   Law    Review    Commission  (1970)   and  the  National 
Water  Commission   (1973)  have  recommended  establishment  of  procedures  for 
clarifying  and  quantifying  reserved  water  rights  for  non-Indian  Federal  lands. 
Both   suggested     that     water    rights    established    prior    to    1963    (Arizona    v. 


13-20 
California)  should  not  be  preempted  without  compensation.  Similar  proposals 
have  been  repeatedly  introduced  in  Congress  following  Arizona  v.  California 
and  prior  to  that  an  Administration  bill  was  drafted  following  the  Pelton 
Dam  decision,  FPC  v.  Oregon  (1955).  More  recently,  the  Justice  Depart- 
ment has  been  advocating  a  draft  bill  to  inventory  and  quantify  reserved  rights 
including  Indian  water  rights;  this  bill  would  not  provide  compensation  for 
preempted  prior  appropriation  rights. 

On  the  question  of  Indian  water  rights,  the  National  Water  Commission 
recommended  that  they  should  be  pursued  under  the  present  system  of  in- 
ventories and  litigation,  but  prior  to  authorization  of  a  new  Federal  project, 
Indian  water  rights  which  might  affect  that  project  must  be  adjudicated.  The 
Commission  recommended  compensation  for  affected  non -Indian  water  rights 
established  prior  to  196  3  and  that  mechanism  be  provided  for  the  Indians  to 
lease  their  rights  to  the  Federal  Government. 

The  initiation  of  litigation  on  Federal  reserved  rights  has  generated  a 
subsidiary  controversy  as  to  proper  court  jurisdiction.  The  1952  McCarran 
Amendment  (43  USC  666)  allows  the  States,  in  certain  circumstances,  to  join 
the  Federal  Government  in  litigation  to  adjudicate  water  rights.  Supreme  Court 
decisions  on  two  Colorado  cases --United  States  v.  District  Court  in  and  for 
the  County  of  Eagle,  401  US  520  (1971),  and  United  States  v.  District  Court 
in  and  for  Water  Division  No.  5,  401  U.S.  527  (1971)--have  held  that  such 
adjudication  could  be  in  the  State  court  system  but  two  pending  New  Mexico 
Mexico  cases --New  Mexico  v.  United  States  and  Mary  Aiken  v.  United  States 
--are  concerned  with  whether  Indian  water  rights  as  well  as  nonlndian  Federal 
rights  can  also  be  adjudicated  in  State  rather  than    Federal  Courts. 
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The  third  category  of  water  rights,  and  one  on  which  Federal-State 
contests  for  control  are  emerging,  is  realted  to  waters  which  are  not  yet  being 
used,  but  which  are  controlled  by  Federal  reservoirs.  This  includes  water 
planned  for  future  use  in  irrigation  projects  as  well  as  water  which  has  not 
yet  been  designated  for  any  specific  purpose.  Within  the  Pick-Sloan  Missouri 
River  Basin  Program,  substantial  volumes  of  water  are  as  yet  uncommitted. 
The  Missouri  Basin  States  have  indicated  a  strong  desire  to  decide  how  such 
water  will  be  used. 

The  nature  of  the  control  of  water  in  the  Missouri  River  Basin  will  strong- 
ly influence  the  extent  of  future  energy  development  and  the  growth  of  all 
other  economic  bases.  Three  related  court  cases  currently  pending  (1976) 
in  California  are   critical    in    terms   of  State   control    of    water  vis   a  vis  the 

Federal  Governmenrt:    California  ex  rel.     State    Water    Resources    Control 

2/  JJ 

Board    v.   Morton,   Natural  Resources  Defense  Council  v.   Stamm,    and  United 

T7  

States  v.    California     These   cases   involve  restrictions  placed  by  the  State  of 

California  on  water  permits   granted  the    Federal  Government  in   connection 
with  Federal  water  resources  projects. 

In  regard  to  the  States'  power  of  control  over  water  use  vis  a  vis  private 
water  users,  an  important  case  in  the  Missouri  Basin  is  pending  in  the  U.S. 
District  Court  for  Montana.  Intake  Water  Co.  v.  Yellowstone  River  Compact, 
Civil  No.  1184  (Billings),  challenges  Article  X  of  the  Yellowstone  River  Ba- 
sin Compact  which  prohibits  diversions  of  water  from  the  basin  without  con- 
sent of  all  the  signatory  States. 

2/    Civil  No.  C73-984    S  2924   ACW 

(N.  D.   Cal.,    Filed  July  24,    1973) 

3/       _F.   Supp.  ,    6  ERC  1525    (E.  D.   Cal.    1974) 

4/    Civil  No.   S  3014    (E.  D.   Cal.,   Filed  Oct.    15,    1973). 


14-1 


XIV     ISSUES  RELATED  TO  WATER  AVAILABILITY  IN  THE 

MISSOURI  RIVER  BASIN 


Developmental  trends  in  the  Missouri  River  Basin  will  be  shaped  by 
emerging  policies  related  to  water  and  other  natural  resources.  As  the  de- 
mands for  water"by  various  sectors  increase,  the  competition  between  these  sec- 
tors stiffens  and  the  need  for  a  thorough  understanding  of  the  implications 
of  various  development  and  management  options  becomes  increasingly  im- 
portant. Several  major  interrelated  issues  involving  water  resources  need 
careful  evaluation  in  terms  of  their  impacts  upon  one  another  and  upon  the 
mix  of  water  uses  which  will  prevail  in  the  latter  part  of  this  century.  These 
issues  may  be  categorized  as  follows:  industrial  water  use  including  water 
used  in  energy  resource  development;  hydroelectric  power  generation,  na- 
vigation, irrigation;  Indian  water  use  and  rights;  and  instream  flows. 
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A.     Industrial  Water  Marketing 

The  issue   of    industrial    water  marketing    from  the   main   stem   reservoirs 
of  the  Missouri  River  is  essentially  one  of  concern  over  the  legality  of  a  Federal 
agency  to  act  as  marketing  agent,   and  the  possible  conflict  with  State  water  rights. 
The  water  under   consideration  is  ultimately    scheduled  for   agricultural    use   at 
such  future  time  as  various  water  development  projects  are  constructed  or  com- 
pleted.     In  the   interim,    it   is   contended  that  the  water  should  be  used  for  other 
beneficial   purposes  namely   energy  development  in  the  Northern  Great   Plains. 
Agricultural  interests   are   concerned  that  industrial  water  contracts,   once   let, 
would   set    a   precedent   and  that  the  use   of  the  water  would  not  revert  back  to 
agriculture  at  the  appropriate  point  in  time. 

To  minimize  this  hazard,  the  Federal  government  has  proposed  that  States 
in  which  main  stem  Missouri  River  reservoirs  are  located  would  be  preferred 
customers  and  that  they  would  have  the  first  option  on  the  Federal  reservoir 
water  at  a  wholesale  charge  of  $20  per  acre  foot.  States  could  then  retail  the 
water  to  industries  under  their  own  procedures.  As  of  September  1975,  negotia- 
tions to  market  blocks  of  water  with  Montana  and  South  Dakota  were  proceeding. 
North  Dakota  had  not  exercised  this  option  and  contracts  for  water  use  in  that 
State  would  be  therefore  negotiated  directly  between  the  Bureau  of  Reclamation 
and  the   client  for  water  from  the  relevant  main-stem  reservoir. 

On  February  24,  1975,  a  memorandum  of  understanding  relative  to  indus- 
trial water  marketing  between  the  Secretary  of  Interior  and  the  Secretary  of 
Army  was  signed.  This  document  which  is  the  basis  for  the  industrial  water 
marketing  program  is  presented  below. 
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Memorandum  of  Understanding  Between  the  Secretary  of  the  Interior  and 

The  Secretary  of  the  Army 

This  Memorandum  of       Understanding  is   entered    into    this    24th      day     of 
February,    1975,    between  the  Secretary  of  the  Interior  and  the  Secretary  of  the 
Army  in  order  to  expedite  the  use  of  water  for  energy  development  in  the  Missouri 
River  Basin.      The  terms   hereof  apply  only  to  the   six  main  stem  reservoirs  of 
the  Corps  of  Engineers  on  the  Missouri  River. 

1.  The  Secretary  of  the  Interior  shall  determine  the    amounts  of  water  avail- 
able from  the  capacity  provided  in  the  main  stem  reservoirs  for  irrigation  and  for 
the  probable   extent  of  future  irrigation  and   shall  also  determine  the  extent  and 
for  what  duration  such  amounts  of  water  will  not  be  needed  for  irrigation  and  for 
the  probable  extent  of  future  irrigation. 

2.  The  Secretary  of  the  Army  shall  determine  how  much  of  the  water  deter- 
mined by  the  Secretary  of  the  Interior  to  be  excess  to  present  irrigation  needs 
can  be  made  available  for  industrial  uses. 

3.  The  parties  hereby  agree  that  the  Secretary  of  the  Interior  may,  pur- 
suant to  applicable  authorities,  both  on  his  own  behalf  and  as  agent  for  the 
Secretary  of  the  Army,  contract  for  the  marketing  of  water  for  industrial  uses 
and  incidental  purposes  related  thereto  from  the  six  main  stem  reservoirs  as 
will  not  be  needed  for  irrigation  for  a  given  period  and  as  will  not  interfere 
with  the  operation  of  the  reservoirs  for  flood  control;  provided,   however  that 

a.  The  Secretary  of  the  Army  shall  retain  all  operational  and  mana- 
gerial control  over  said  reservoirs; 

b.  Contracts   for  the  marketing  of  such  water  shall  be  executed  under   j 
the  terms  of  this  agreement  with  full     compliance  with  the  requirements  of  the 
National  Environmental  Policy  Act; 

c.  No  contract  for  the  marketing  of  such  water  shall  be  executed  but 
on  such  terms  and  conditions  as  are  mutually  agreeable  to  the  parties  hereto, 
and; 

d.  To  the  extent  such  contracts  would  reduce  the  quantity  of  power 
generated,  no  contract  may  be  executed  unless  it  has  been  determined  jointly 
by  the  parties  to  this  agreement  that  the  proposed  marketing  for  industrial  pur- 
poses is  a  beneficial  use  of  the  water  which  should  take  precedence  over  hydro- 
electric power  generation. 

4.  The  Secretary  of  the  Interior  shall  have  the  lead  agency  responsibility 
for  compliance  with  the  requirements  of  the  National  Environmental  Policy  Act. 

5.  This  Memorandum  of  Understanding  shall  terminate  at  the  end  of  two 
years.  Contracts  executed  pursuant  to  this  Memorandum  of  Understanding  shall 
not  be  affected  by  such  termination.  During  the  term  hereof,  the  Secretary  of 
the  Interior  and  the  Secretary  of  the  Army  shall  further  cooperate  in  developing  a 
long-range  marketing  program  for  municipal  and  industrial  water. 

Rogers  C.  B.   Morton, 
Secretary  of  the  Interior. 

Howard  H.   Calloway, 
Secretary  of  the  Army. 
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The  authority  of  the  Bureau  of  Reclamation  to  act  as  marketing  agent  has 
been  challenged  but  a  July  22,  1976  decision  by  the  U.S.  District  Court  in 
Montana  (Environmental  Defense  Fund  vs.  Rogers  C.B.  Morton,  Civil  No.  1220) 
appears  to  support  the  premise  that  the  authority  does  exist.  Although  this  case 
involved  the  Yellowstone  and  Boysen  Reservoirs  in  Montana  and  Wyoming  rather 
than  the  main  stem  reservoirs,  the  analogy  is  clear.  The  Court's  findings  are 
summarized  herein. 

"Plaintiffs  argue  that  the  United  States  Congress  authorized  the  construction 
and  operation  of  Yellowtail  and  Boysen  Reservoirs  for  the  exclusive  purposes 
of  providing  Water  for  agricultural  irrigation,  hydroelectric  power,  flood  and 
silt  control,  and  supplement  of  stream  flow,  but  there  is  no  authorization  for  use 
of  waters  from  these  reservoirs  for  industrial  purposes.  The  plantiffs  contend 
that  defendants  have  failed  to  fulfill  this  primary  legislative  purpose  because  mas- 
sive amounts  of  water  under  the  water  option  contracts  have  been  diverted  away 
from  Congressionally  intended  agricultural  purposes,  for  use  by  private  industry 
in  violation  of  the  Flood  Control  Act  of  1944,  58  Stat.  887,  and  the  Reclamation 
Act  of  1902,   43  U.S.  C.    319,   et  seq.  ,   as  amended." 

"The  particular  provisions  of  the  Reclamation  Act  of  1902  (32  Stat.  388, 
43  U.S.  C.  391,  et  seq.)  relied  upon  by  plantiffs  are  not  applicable  to  the  in- 
dustrial water  option  contracts.  Furthermore,  the  Flood  Control  Act  of  1944 
(58  Stat.  887,  33  U.  S.  C.  701-1,  et  seq.)  authorizes  use  of  project  water  for 
industrial  purposes  and  also  expressly  authorizes  the  marketing  thereof  under 
federal  reclamation  law.  The  Court  also  concludes  that  the  Bureau  of  Reclama- 
tion and  Secretary  of  the  Interior  legally  proceeded  to  process,  approve  and  exe- 
cute the  water  option  contracts  pursuant  to  the  authority  contained  in  Section  9(c) 
of  the  Reclamation    Project  Act    of  1939   (53  Stat.     1194,     43   U.  S.  C.    485h   (c))." 
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The  amount  of  water  which  can  be  put  to  industrial  use  is  controversial 
in  the  Upper  Missouri  River  Basin  but  the  Bureau  of  Reclamation  and  Corps 
of  Engineers  contend  that  three  million  acre  feet  can  be  provided  annually  as 
an  assured  supply  while  continuing  to  satisfy  all  other  anticipated  beneficial  con- 
sumptive uses  (See  Figure  1-3).  The  Ad  Hoc  Committee  on  Water  Marketing 
for  the   Missouri  River  Basin  also  stated  the  following: 

"Any  amount  of  water  up  to  3,000,000  acre-feet,  for  which  a  potential 
industrial  user  can  demonstrate  a  legitimate  need,  is  currently  available  for  mar- 
keting. Under  current  (1974)  conditions  of  upstream  water  use,  the  average 
annual  streamflow  of  the  Missouri  River  at  SiouxCity,  Iowa,  is  about  21.4  million 
acre-feet.  Studies  by  the  Water  Supply  Technical  Group  project  that  1.  4  million 
A.  F.  of  water  would  be  required  annually  by  the  year  2020  for  the  most  likely 
industrial  development  and  3.0  million  A.  F.  sometime  beyond  the  year  2020 
for  a  maximum  likely  development  in  the  Upper  Missouri  River  Basin.  These 
depletion  estimates  are  approximately  30  percent  greater  than  those  shown,  in  the 
current  studies  of  the  Northern  Great  Plains  Resource  Program  in  the  year 
2000." 

"The  water  supply  of  the  Missouri  River,  as  controlled  by  the  main  stem 
reservoir  system  is  adequate  to  meet  all  foreseeable  beneficial  consumptive 
uses  including  the  projected  maximum  likely  ultimate  use  (sometime  beyond  the 
year  2020)  of  up  to  3  million  acre -feet  of  water  annually  for  industrial  purposes. 
Reservoir  regulation  studies  conducted  for  the  period  of  hydrologic  record  since 
1898  have  demonstrated  that  the  main  stem  reservoir  system  can  be  regulated 
to  supply  the  most  probable  consumptive  use  requirements  through  the  year  2020. 
Under  these   conditions   an  acceptable    degree   of  service  to  navigation  could  be 


14-6 

maintained.  Hydropower  peaking  would  not  be  affected  to  any  major  degree  by 
these  consumptive  uses,  but  energy  generation  would  be  reduced  significantly. 
If  it  were  necessary  to  subordinate  navigation  to  serve  all  beneficial  consumptive 
uses,  in  accordance  with  Section  lb  of  the  1944  Flood  Control  Act,  up  to  9.5 
million  acre -feet  of  water  could  be  made  available  annually  (above  current  uses) 
for  future  beneficial  consumptive  uses.  Use  of  this  amount  of  water  would  still 
permit  minimum  releases  from  the  reservoir  system  of  6,000  cubic  feet  per 
second  for  municipal  water  supply  intakes,  water  quality  control,  recreation,  fish 
and  wildlife  and  other  purposes.  The  Missouri  River  Basin  Commission  is  cur- 
rently updating  the  1969  Framework  Study.  This  and  other  studies  and  develop- 
ments in  the  Basin  over  time  will  permit  more  specific  determinations  of  water 
uses  and  requirements." 

In  hearings  before  the   Senate  Committee   on  Interior  and  Insular  Affairs, 
the  Secretary  of  the  Army  and  the  Secretary  of  the  Interior  provided  the  following 

statement  with  regard  to  the   availability   of  water  for   commitment   pursuant  to 

1/ 
the  Memorandum  of  Understanding. 

"The  Memorandum  of  Understanding  limits  temporary  industrial  water  avail- 
ability to  a  quantity  within  the  amount  destined  for  eventual  agricultural  use. 
Projected  water  uses  within  the  Missouri  River  Basin  were  authorized  in  the 
1944  Flood  Control  Act.  Quantification  of  the  expected  uses,  the  resulting  de- 
pletions, and  effects  on  the  authorized  plan  were  reported  in  April  1951  by  a 
Subcommittee  on  Adequacy  of  Flows  in  the  Missouri  River  Basin  pursuant  to  a 
resolution  of  the  Missouri  Basin  Inter-agency  Committee  (MBIAC).  " 

T7    U.  S.     Congress,    Senate      Committee   on     Interior   and  Insular  Affairs,    94th 
Congress,    1st  Session,    hearings  on  The  Sale  of  Water  from  the  Upper  Mis- 
souri River  Basin  by  the  Federal  Government  for  the  Development  of  Energy, 
Parti,  Washington,   D.  C. ,   July  18,    1975. 
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"Membership  of  the  MBIAC  in  April  1951  consisted  of  the  Governors  of 
Nebraska,  Missouri,  Montana,  South  Dakota,  and  North  Dakota  and  regional 
administrators  from  the  Department  of  Agriculture,  the  Federal  Power  Commis- 
sion, the  Corps  of  Engineers,  the  Department  of  Commerce,  and  the  Department 
of  the  Interior.  The  committee's  resolution  stipulated  that  -  "such  subcommittee 
shall  consist  of  a  representation  from  the  U.  S.  Weather  Bureau,  the  U.  S.  Geo- 
logical Survey,  the  U.S.  Public  Health  Service,  the  Federal  Power  Commission, 
the  Bureau  of  Reclamation,  the  Department  of  Agriculture,  and  the  Corps  of 
Engineers;  and  that  the  State  governments  be  represented  on  the  subcommittee 
by  two  State  engineers,   one  from  the  Upper  Basin  and  one  from  the  Lower  Basin.  " 

"Anticipated  total  future  depletions  were  projected  beyond  1949,    and  historic 
streamflow  conditions  were  modified  to  1949  levels  of  development.    At  that  time, 
the  streamflow  and    projected    program  depletions  were: 

UPPER  BASIN  ABOVE  SIOUX  CITY,   IOWA,   ACRE -FEET  ANNUALLY 


Average   streamflow  Projected  depletions 

adjusted  to  1949  authorized  and  an- 

Year  level  ticipated 

1949 24,593,000  0 

1960 2,  307,000 

1970 4,539,000 

1980 6,648,000 

1990 8,461,000 

2000 8,461,000 


Of  the  projected  depletions,  most  were  associated  with  the  3,648,952  acres  of 
new  land  irrigation  and  490,468  acres  of  land  requiring  supplemental  irrigation 
supplies  under  Bureau  of  Reclamation  plans.  " 
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"The  projections  have  been  modified  and  scheduling  altered  in  the 
Missouri  River  Basin  Framework  Plan  published  in  1971.  This  study  was  simi- 
larly sponsored  by  the  Missouri  River  Basin  Inter-Agency  Committee  but  in- 
cluded all  10  Missouri  Basin  States  and  10  Federal  agencies.  The  objective, 
however,  is  unchanged  and  demonstrates  that  considerable  water  intended  for 
ultimate  irrigation  use  could  be  used  for  energy -related  purposes.  " 

"Using  the  Framework  Plan,  Corps  of  Engineers  operation  studies,  and 
Bureau  of  Reclamation  Rate  and  Repayment  Studies,  the  Bureau  of  Reclamation 
determined  in  what  quantities  and  during  what  time  frame  waters  allotted  to  fu- 
ture irrigation  use  could  be  committed  to  interim  non- irrigation  uses.  Reclama- 
tion studies  show  that  up  to  2  million  acre-feet  of  mainstem  reservoir  storage 
will  not  be  utilized  for  agricultural  purposes  before  the  year  202  3.  Of  this 
available  supply,  we  are  proposing  that  1  million  acre -feet  annually  could  be 
considered  as  available  initially  for  the  interim  industrial  water  marketing  pro- 
gram. This  determination  has  been  a  joint  endeavor  by  the  Departments  of  the 
Interior  and  the  Army,  and  it  has  been  discussed  with  officials  of  the  Upper 
Missouri  River  Basin  States.  " 

"The  industrial  water  availability  study  is  based  on  the  assumption  that 
flow  levels  in  the  stream  will  be  maintained  at  a  minimum  of  6,  000  cubic  feet 
per  second  to  ensure  water  availability  in  the  channel  at  all  times.  This  can  be 
accomplished  best  if  the  natural  flow  is  not  assumed  to  be  available  for  claims 
by  one  State  in  preference  to  another.  To  meet  the  demands  for  possible  indus- 
trial water  throughout  the  hydrological  cycle,  the  natural  flow  would  require 
augmentation  by  stored  water  during  critical  periods  at  specific  locations.  In 
order  to  avoid  prolonged  controversy  over  respective  water  rights  and  to  avoid 
fragmentation  of  water  rights  to  respective  State  claims,  it  was  concluded  that 
natural  flows   and    storage   can    be   most    effectively  marketed  on  a  cooperative 
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Federal-State  basis   as   one   account.      The   10  Governors  of  the   Missouri  River 
Basin  States  were   advised    of  this  intention    by    letter,    dated  March  25,    1975, 
from  Assistant  Secretary  Jack  O.    Horton,    and  first-option  offer  was  given  for 
the  interested  States  to  purchase  a  supply  of  water  from  the  federally  regulated 
reservoirs.  " 

On  the  strength  of  the  analyses  made  in  this  report  and  studies  by  the 
Bureau  of  Reclamation  and  Corps  of  Engineers,  it  appears  that  the  marketing 
of  1  maf  per  year  for  industrial  purposes  would  be  realistic  in  the  Upper  Missouri 
River  Basin.  Principal  conflicts  would  be  in  low  flow  years,  particularly  if 
instream  flow  reservations  are  made  and  adhered  to.  The  Corps  of  Engineers 
"Umbrella  Study"  scheduled  for  completion  in  February  1977  should  provide  a 
better  quantification  of  the  amount  of  water  available  for  energy  uses  and  its 
impact  on  other  uses. 

Requests  for  industrial  water  were  tabulated  by  the  Corps  of  Engineers  and 
Bureau  of  Reclamation  in  June  of    1975   and  contacts  with  these  agencies   have  in- 
dicated no  significant   change   (September   1976).      The  1975  compilations  follow. 
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INDUSTRIAL  WATER  REQUESTS  RECEIVED  BY  BUREAU  OF  RECLAMATION 

June  18,   1975 


Company 

Address 

Date  of 
request 

Lake 

Acre -feet 
requested 

Purpose 

Consolidation 
Co. 

1  Oliver  Plaza, 
Pittsburgh,   Pa. 

July  31, 

1968 

Fort  Peck 

"0,000 

Industrial 

1/ 

Sun  Oil  Co.  503  North  Cen-        Dec.    30,   1971 

tral  Express- 
way, Richardson, 
Texas 


-do- 


50,000 


Total  (Fork  Peck,    360,  - 
000.   Sakakawea,   118,0007 
Oahe,    75,000). 


553,000 


Gasification 


John  S.  Wold 

P.  O.    Box  114, 
Casper,  Wyo. 

Nov. 

22, 

1972 

---do 

50, 

000 

Industrial 

Mobil  Oil 
Corp. 

P.  O.    Box   5444, 
Denver,   Colo. 

Nov. 

29, 

1972 

—do 

50, 

000 

Unspecified 

Getty  Oil  Co. 

3810  Wilshire 
Blvd.  ,   Los 

Angeles,   Calif. 

Feb. 

28, 

1973 

---do 

50, 

000 

Mineral 
develop- 
ment 

Mobil  Oil 
Corp. 

P.  O.    Box  5444, 
Denver,   Colo. 

April 

19, 

1973 

Sakakawea 

50, 

000 

Unspecified 

Wesco  Re- 
sources 

P.O.   Box  154, 
Billings,   Mont. 

Aug. 

21, 

1973 

Fort  Peck 

60, 

000 

Power  gene- 
ration coal 

gasification 

Phillips  Pe- 
troleum Co. 

Bartlesville, 
Okla. 

April 

17, 

1974 

---do 

50, 

000 

Industrial 

Energy  Trans- 
portation 
System,   Inc. 

P.O.   Box  3965, 
San  Francisco, 

Calif. 

Dec. 

18, 

1974 

Oahe 

75, 

000 

Coal  slurry 

American  Na- 
tural Gas 
Service 

Co.   2/ 

1  Woodward  Ave. 
Detroit,   Mich. 

Dec. 

20, 

1974 

Sakakawea 

68. 

000 

Gasification 

/  Request  from  HFC  Co.  ,   Inc.  which  was  acquired  by  Sun  Oil  Co. 
7/  Application  under  name  of  Michigan  Wiscon  Pipe  Line  Co. ,   recent  corres- 
pondence also  includes  the  name  "ANG  Coal  Gasification  Co.  " 
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INDUSTRIAL  WATER  REQUESTS  RECEIVED  BY  CORPS  OF  ENGINEERS 

June  15,   1975 


Company 


Address 


Date  of 
request 


Acre -feet 
Lake  requested      Purpose 


Energy  Trans- 
portation  Sys- 
terns,   Inc. 

NRG  Co. 


P.O.  Box  3965 
San  Francisco, 
Calif. 


Dec.    5,    1973        Oahe 


75,000  Coal  slurry 


500  Securities 
Bldg.  ,   P.O.   Box 
1315,    Billings, 

Mont. 


Jan.    25,    1974      Fort  Peck 


50,000  Coal  deve- 

lopment 


Tenneco  Coal 


P.O.    Box  2511, 
Houston,  Tex. 


Feb.  1,    1974    1/-— do-- 


50,000  Unspecified 


Basin  Elec- 
tric  Power 
Cooperative 


Suite  624,   Pro- 
vident  Life  Bldg. 
316  North  Fifth 
St.  ,   Bismark, 
N.   Dak. 


-do Sakakawes 


9,000  Power  plant 

cooling 


Potashnick 
Construction, 
Inc. 


P.O.   Box  190, 
Highway  74, 
Cape  Girardeau, 

Mo. 

300  North  St. 
Joseph  Ave. , 
Hastings,  Nebr. 


Feb.    8,    1974        Fort  Peck        50,000 


Coal  deve- 
lopment 


Kansas- 
Nebraska 
Natural  Gas 
Co.  ,   Inc. 

I.H.   Garms 
&  Sons  Co. 


Feb.   25,   1974 


-do  — 


25,000 


Coal  gasi- 
fication 


P.O.   Box  190,         Feb.    26,   1974 

Cape  Girardeau, 

Mo. 


—  do 


Coal  deve- 
lopment 


Chevron  Oil  1700  Broadway,       Apr.    3,    1974        do--- 

Co.  P.  O.    Box  599, 

Denver,   Colo. 


50,000 
50,000 


tjh: — 

Do.   4/ 


Dreyer  Bros. 
Co.     2/ 


Gough,   Booth, 
Shanshan  & 
Johnson    Zj 
P.O.    Box  1686 
Helena,   Mont. 


Apr.    5,    1974         ---do 


97,000 


Gulf  Mineral 
Resources 
Co. 

1780  South 
Bellaire  St.  , 
Denver,   Colo. 

May  21,    1974 

Oahe 

50,000 

Unspecified 

Shell  Oil  Co. 

2  Shell  Plaza 
P.O.   Box  2099 
Houston,   Tex. 

June  18,    1974 

Fort  Peck 

Coal     5/ 
develop- 
ment 

Chevron  Oil 
Co. 

1700  Broadway 

P.  O.    Box  599 

Denver,   Colo. 

Apr.   28,   1975 

Sakakawea 

23,000 

Power  gene- 
ration,  coal 
gasification 

Total  (Fort  Peck  372,000;-- 
Sakakawea,    32,000;  Oahe, 
125,000). 


529,000 
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INDUSTRIAL  WATER    REQUESTS  RECEIVED  BY  CORPS  OF  ENGINEERS, 

June  15,  1975 

(CONTINUED) 


1/  Sept.  1,   1974  rights  transferred  to  Intake  Water  Co. 

27  Subsidy  of  Burlington  Northern 

"37  Attorneys  for  Dreyer  Bros.   Co. 

17  June   27,    1974  water   right   application  was  for  only   67,000   acre-feet  35,000 

for  irrigation  9,000   for   production  of  ammonia,    8,000  for  methanol -methyl 

fuel,    and  15,  000  for  synthetic  diesel  fuel. 
5/  Unspecified. 
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In  the  final  analysis  it  is  not  the  requests  which  are  significant  but 
the  number  of  acre -feet  of  water  actually  contracted  for.  By  October  of 
1976,  a  block  contract  between  the  Bureau  of  Reclamation  and  the  State  of 
Montana  involving  300,  000  acre-feet  of  water  had  been  signed  and  a  similar 
one  was  being  negotiated  with  South  Dakota.  North  Dakota  would,  after 
issuing  permits  to  acceptable  industrial  water  applicants,  have  them  contract 
directly  with  the  Bureau.  This  course  of  action  would  result  in  about  1  maf 
of  water  being  allocated  for  industrial  purposes  for  40  years  or  less  from 
the  contracting  date. 

Procedures  for  Industrial  Water  Applicants 

Formal  published  procedures  for  industrial  water  applicants  are  not 
available.     This  is  unfortunate  and  tends  to  confuse  the  situation.   The  Bureau 
of  Reclamation  and  the  participating  States  should  be  encouraged  to  develop 
such  instruments  at  the  earliest  possible  time. 

The  procedures  now  in  effect  as  determined  from  contacts  with  the 
Billings  Regional  Office  of  the  Bureau  of  Reclamation,  and  from  the  States 
of  Montana,  North  Dakota  and  South  Dakota  are  as  follows. 

1.     General  Provisions 

Contracts  for  the  marketing  of  water  must  be  mutually  acceptable 
to  both  the  Secretary  of  the  Army  and  the  Secretary  of  the  Interior  and  must 
be  in  full  compliance  with  the  National  Environmental  Policy  Act. 

To  the  extent  that  any  proposed  contracts  would  reduce  power  gene- 
ration, there  would  have  to  be  a  joint  determination  that  the  proposed  in- 
dustrial uses   should  take   precedence  over  hydroelectric  power  generation. 
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The  Secretary  of  the  Interior  will  be  responsible  for  compliance  by 
the  contractors  with  the  requirements  of  the  National  Environmental  Policy 
Act.  Environmental  impact  statements  may  be  prepared  by  the  Bureau, 
or  where  a  block  contract  with  a  State  has  been  let,  by  the  State. 

2.  North  Dakota 

a.  An     application  for   a  water  use  permit  is  submitted  to  the   State 
Engineer    (North  Dakota    State    Water    Commission).      Concurrently,    an   en- 
vironmental   assessment    statement    must  also  be  submitted. 

b.  A  hearing  is  held  on  the  application  and  provides  grounds  for 
acceptance  or  rejection  of  the  application. 

c.  If  the  applicant  is  successful,  a  conditional  water  permit  is  is- 
sued. A  final  permit  is  issued  upon  approval  (after  inspection  for  compli- 
ance) by  the  State  Engineer  once  the  water   has  been  put  to  beneficial  use. 

d.  After  the  conditional  permit  has  been  issued,  the  industry  con- 
tacts the  Billings  Regional  Office  of  the  Bureau  of  Reclamation  to  negotiate 
a  contract  for  the  sale  and  use  of  the  water.  Simultaneously,  an  application 
is  filed  with  the  Omaha  District  Office  of  the  Corps  of  Engineers  for  a  Sec- 
tion 10  permit  (1899  River  and  Harbor  Act)  which  must  be  obtained  prior 
to  construction  of  facilities  in  navigable  waters. 

e.  After    the    Section    10    permit  has    been  issued   and  the   contract 
signed,    the   industry  can  proceed  to  make  use  of  the  allocated  water  supply. 
An  acceptable  environmental  impact  statement  must  be  on  file. 

3.  South  Dakota 

a.  The  prospective  industrial  user  must  file  for  a  permit  with  the 
Water  Rights  Commission  of  the  Department  of  Natural  Resources  Develop- 
ment. 
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b.  Hearings  are  held  on  the  application.  If  the  request  exceeds 
10,  000  acre -feet  per  year,  the  State  legislature  must  act  on  the  application. 
For  lesser  amounts  the  Commission  can  make  the  determination.  In  either 
case,   the  Commission  issues  the  permit. 

c.  Once  a  water  right  has  been  granted,  the  industry  contacts  the 
Billings  Regional  Office  of  the  Bureau  of  Reclamation  to  negotiate  a  contract 
for  the  sale  and  use  of  the  water.  Simultaneously,  an  application  is  filed 
with  the  Omaha  District  Office  of  the  Corps  of  Engineers  for  a  Section  10 
permit  (1899  River  and  Harbor  Act)  which  must  be  obtained  prior  to  con- 
struction   of  facilities  in  navigable  waters. 

e.    After    the  Section  10   permit  is  issued  and  the   contract   signed, 
the  industry   can   proceed  to  make  use  of  the  allocated    water   supply.       An 
acceptable  environmental  impact  statement  must  be  on  file. 

4.     Montana 

On  October  4,    1976  Assistant  Secretary  of  the  Interior  Jack  Horton 
announced  that  he  had   signed,   on  behalf  of  the  Department  of  the  Interior, 
a  contract    with  the    State   of  Montana    to  permit  the  State  to  market  up  to 
300,000    acre-feet    of    water  annually    from  the  federally-constructed  Fort 
Peck    Reservoir  in  Montana. 

The  agreement  establishes  that  the  State  of  Montana  will  be  the  lead 
agency  in  processing  applications  from  the  300, 000  acre-feet  "block"  of 
Fort  Peck  water  with  technical  and  legal  cooperative  support  from  the  De- 
partments of  Army  and  Interior.  The  Corps  of  Engineers  will  continue  to 
serve  as  the  Reservoir  Master  and  will  participate  in  the  decision -making 
process  through  its  Section  10  permit  system. 
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The  contract  will  not  require  any  payment  from  the  State  until  Mon- 
tana might  award  a  sub-contract  and  receive  payment  from  an  industrial 
user. 

The  contract  recognizes  all  pre-existing  water  rights,  including  spe- 
cifically those  of  Indians  and  Indian  tribes.  The  contract  also  requires 
compliance  with  the  National  Environmental  Policy  Act,  the  Montana  En- 
vironmental Policy  Act,  and  other  applicable  Federal  and  State  laws  and 
regulations. 

Procedures  to  be  followed  by  the  applicant  are  as  follows: 

a.  The  applicant  files  for  a  water  use  permit  with  the  Department 
of  Natural  Resources  and  Conservation. 

b.  If  the   permit  is  approved,    a   contract  between  the  user  and  the 
Montana  Department  of  Natural  Resources   and  Conservation  is  negotiated. 
Elements  of  the  contract  include:     nature  of  the  water  use;  price  to  be  paid; 
and  facilities.        Concurrent    with  this,    a  petition  is    filed    with  the  Omaha 
District  Office  of  the  Corps  of  Engineers  for  a  Section  10  permit. 

c.  Once  the    Section    10   permit  is   issued  and  the   contract   signed,    the 
industry   can  proceed  to  make  use  of  the  allocated  water  supply.      An  accep- 
table environmental  impact  statement  must  be  on  file. 
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B.     NAVIGATION 

The  1944  Flood  Control  Act,  which  authorized  the  Pick-Sloan  Missouri 

Basin  Program  states  that: 

"The  use  for  navigation  *  *  *  of  waters  arising  in 
States  lying  wholly  or  partly  west  of  the  Ninety- 
eighth  Meridian  shall  be  only  such  use  as  does  not 
conflict  with  any  beneficial  use,  present  or  future 
*  *  *  of  such  waters  for  domestic,  municipal,  stock 
water,  irrigation,    mining,    or  industrial   purposes. " 

The  impact  of  depletions  resulting  from  water  uses  in  the  upstream 

States  needs  evaluation,   especially  in  light  of  increasing  interests  in  energy 

development  and  pressures  for  expanded  irrigated  agriculture.    The  Corps 

of     Engineers     has     addressed  this  issue  for  several     possible  streamflow 

depletion  futures.     These  are  described  below: 

Study  12-75-2000  -A  base  study  for  the  year  2000  with  no  coal  develop- 
ment. 

Study  12-75-2000,  C500  -  This  study  included  withdrawals  of  500,  000 
acre-feet  of  water  by  the  year  2000  for  coal  development.  Thirty  per- 
cent was  to  be  withdrawn  from  each  of  the  Fort  Peck  and  Garrison  Projects 
and  the  remaining  forty  percent  from  Oahe. 

Study  12-75-2000,  C1000  -  An  increase  in  coal  development  requiring 
1,000,000  acre-feet  of  water  annually  to  be  withdrawn  from  projects  de- 
scribed in  12-75-200,  C500. 

Study  12 -75 -Ultimate  -  The  final  study  utilized  greater  depletions  for 
purposes  other  than  coal  development  from  all  reaches  but  water  withdrawals 
for  coal  development  were  not  included. 
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A  1974  Corps  of  Engineers  study  labeled  Maximum  Ultimate  Depletions 

y 

included  3,000,000  acre-feet  of  water  annually  for  coal  development. 
Non-coal  development  depletions  were  the  same  as  those  used  in  the  12-75  - 
Ultimate.  Average  annual  depletions  in  excess  of  the  1970  level  of  deve- 
lopment above  Sioux  City  are  shown  below. 

Avg.     Annual  Depletions  In 
Excess    of  1970  Level  Above 
Sioux  City,   City,   1,  000  AF 


Study 

Non-Coal 

Coal 

Developments 

Developments 

Total 

12-75-2000 

2,  589 

2589 

12-75-2000, 

C500 

2,589 

500 

3089 

12-75-2000, 

C1000 

2,589 

1,000 

3589 

12 -75 -Ultimate 

6,810 

6810 

Maximum  Ultimate  (1974) 

6,813 

3,000 

9813 

The  foregoing   studies   are    based  on  the  following  conditions   and  ob- 

y 

jectives: 

a.  Historical  streamflow,  as  obtained  largely  from  USGS  records,  but 
utilizing  Corps  of  Engineers  estimates  during  some  periods  for  which  records 
are  unavailable. 

b.  Streamflow  depletions  for  the  appropriate  level  of  basin  develop- 
ment as  developed  by  the  Work  Group  on  Hydrologic  Analysis  and  Projections 
of  the  Missouri  River  Basin  Interagency  Committee  in  connection  with  the 
Missouri  River  Comprehensive  Framework  Study,  and  as  updated  by  the 
office   of  Upper  Missouri  Region,   Bureau  of  Reclamation  in  late  1973. 

"2~7    U.  S.    Army  Corps  of  Engineers,    "Missouri  River  Main  Stem  Reservoir 
~~      Regulation  Studies",   Series  1-74,   Omaha,  Nebraska,  April  1974. 

3/    U.  S.    Army  Corps  of  Engineers,    "Missouri  River  Main  Stem  Reservoir 
Regulation  Studies",    Series   12-75,    Omaha,    Nebraska,    February  1976. 
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c.  The  loss  of  main  stem  reservoir  storage  by  sedimentation  appro- 
priate to  the  examined  development  level. 

d.  Maintenance  of  downstream  flows  required  for  water  supply  and 
water  quality  control  as  established  by  the  Federal  Water  Pollution  Control 
Act. 

e.  Maintenance  of  the  highest  navigation  streamflow  rates  at  down- 
stream control  points  as  practicable  with  the  water  supply  available  after 
satisfying  the  various  depleting  uses  and  providing  equitable  service  to 
power. 

f.  Maintenance  of  release  rates  from  each  reservoir  for  maximum 
power  generation  consistent  with  the  other  stated  purposes. 

g.  Maintenance  of  adequate  storage  space  reserves  in  each  reservoir 
to  permit  controlling  of  inflows  to  minimize  damages  during  downstream 
flood  situations. 

Using  the  four  12-75  studies  as  a  basis,  it  was  concluded  that  at  the 
2000  level  of  water  resource  development,  full  8 -month  navigation  seasons 
were  possible  for  54  of  the  78  years  of  record.  During  the  remaining 
years  (coinciding  with  the  drought  periods  of  the  1930's  and  the  late  1950's, 
and  early  1960's)  it  was  necessary  to  reduce  navigation  season  lengths, 
in  some  cases  to  a  minimum  of  4  months  duration.  Navigation  was  suspended 
for  one  complete  year  in  each  of  the  12-75-2000  and  12-75-2000,  C500  stu- 
dies and  one  additional  year  in  the  12-75-2000,  C1000  study.  At  the  ultimate 
level  of  development  (12-75  Ultimate)  navigation  service  was  provided  during 
66  of  the  78  year  record  period.  The  navigation  function  was  not  served 
during  the  years  1933  through  1942  and  during  1961  and  1962.  Full  8-month 
navigation  seasons  were  provided  during 42  of  the  78  years  of  record.  Table 
14-1  presents   data  on  the  navigation  season  lengths  for  each  of  the  studies. 
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Table  14-1       EFFECTS  OF  PROJECTED  DEPLETIONS  ON  NAVIGATION* 


Number  of  Years  in  which  Stated  Season  Length 
Could  be  Maintained  for  Study  Title  Shown 


Season  Length 

12-75-2000 
55 

12-75-2000 
C500 

12-75-2000 
C1000 

12-75-Ultimate 
42 

1-74  Maximum 
Ultimate 

8.0 

54 

54 

24 

7.  75 

1 

1 

5 

7.5 

2 

1 

1 

4 

7.25 

6 

7.0 

2 

3 

6.75 

3 

1 

4 

5 

6.5 

1 

2 

2 

6.25 

3 

1 

1 

2 

1 

6.0 

1 

4 

1 

2 

0 

5.75 

1 

1 

1 

11 

4 

5.5 

1 

1 

3 

2 

0 

5.25 

1 

0 

5.0 

1 

1 

0 

4.75 

1 

2 

1 

0 

4.50 

2 

4.25 

1 

2 

2 

0 

4.0 

6 

8 

7 

3 

8 

No  Naviga- 
tion 

1 

1 

2 

12 

11 

Total  Years 

78 

78 

78 

78 

75 

Average 

7.25 

7.17 

7.0 

5.96 

^Missouri    River  Main  Stem  Reservoir  Regulation  Studies,   Corps  of  Engineers, 
Missouri  River  Division,  Omaha,  Nebraska,  February  1976. 
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The  length  of  navigation  season  is  one  measure  of  relative  service 
provided  by  the  navigation  function,  another  measure  of  service  is  the 
average  annual  season-service  level  provided.  Full-service  releases  for  a 
full  8-month  navigation  season  are  represented  by  a  navigation  season-service 
level  of  35,  000  cfs.  A  season-service  level  of  30,  000  cfs  would  correspond 
to  a  service  level  of  30,  000  cfs  for  a  full  8 -month  season,  a  35,  000  cfs  full- 
service  level  of  releases  for  a  6.9-month  season,  or  other  combinations. 
If  no  navigation  service  is  provided,  the  season-service  level  is  0.  The 
average  season-service  level  for  each  of  the  studies  was  as  follows: 


Avg.    Annual  Depletions 


Study 

12-75-2000 
12-75-2000,     C500 
12-75-2000,     C1000 
12-75-Ultimate 
Maximum  Ultimate 


In  Excess  of  1970  L 

evel 

Avg. 

Season -Service 

Above  Sioux  City, 

1, 

000  AF 

1,000  cfs 

2589 

31.9 

3089 

31.1 

3589 

30.6 

6810 

29.0 

9813 

not  given 

Barge  tow    transporation  of  farm   products    below  Sioux  City  depends 
on  storage  of   water    behind  the    Missouri    River  main  stem  dams.      From 
Table    14-1,      it  can  be  determined  that  the  maximum   season  length  of   8 
months  will  be  met  about  70   percent  of  the  time   for  total  annual  depletions 
above   Sioux  City  of  about  10   maf.      This  corresponds  to    the  lower  range  of 
depletion  estimates   (Figure   1-4).    If  depletion  levels   on  the   order  of  those 
specified  by  the  State -Regional  Futures  Analysis  (13.5  maf)  occur,   a  maxi- 
mum season  length  of  8  months  would  prevail   only  about  54   percent  of  the 
time  and  about  15  percent  of  the  time  there  would  be  no  navigation  season. 
The  Bureau   of  Reclamation  and    others   have   estimated  that  depletions  up- 
stream could    reach    about   16.6    maf  total    and    still    meet    essential  water 
quality  and  municipal  needs   downstream  in  the  main  stem  Missouri  River 
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±1 

system.  At     this   "practical  limit   of     depletion, "   navigation  and  power 

generation  would  be  affected  significantly  and  only  a  minimum  level  of  power 
and  navigation  service  could  be  maintained.  The  economic  and  social  im- 
plications of  this  could  be  very  far-reaching  and  studies  related  to  this  issue 
should  be  given  a  high  priority. 

C.     Hydroelectric  Power 

Hydroelectric  power  generated  in  the  Missouri  River  Basin  is  centered 
around  the  main  stem  reservoirs  above  Sioux  City.  If  no  further  capacity 
is  installed,  (additional  potential  exists)  the  amount  of  power  generated  an- 
nually in  the  future  will  decrease  about  in  proportion  to  added  streamflow 
depletions.  On  the  other  hand,  the  peaking  capacity  of  the  plants  would  not 
be  significantly  altered. 

A  study  (1975)  by  the  U. S.D.I.    Water  for  Energy  Management  Team 

developed  the  following  data  on  the  impact  of  projected  depletions  on  hydro- 

5/ 
power  generation  in  the  main  stem  reservoirs. 


Average   Annual  Reduction  in  Generation 

Generation  Due  to  Coal  Development 

Kw-hr  Kw-hr 

Year                                                     millions  millions 


1970  9,346  0 

1980  9,028  27 

2000  8,158  171 

£7    U.  S.    Dept.    of  Interior,    Bureau  of  Reclamation,    Northern  Great  Plains 
Resources    Program,    Water  Work  Group  Report",    Washington,    D.  C. , 
December  1974. 

5/  U.  S.  Dept.  of  Interior,  Water  for  Energy  Management  Team,  "Report 
on  Water  for  Energy  in  the  Northern  Great  Plains  Area  with  Emphasis 
on  the  Yellowstone  River  Basin,  "  Washington,   D.  C. ,  January  1975. 
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These  figures  reflect  an  overall  reduction  in  hydropower  generation  of 
about  13  percent  from  1970  to  2000  with  about  2  percent  of  this  being  attri- 
buted to  coal  development  in  the  Northern  Great  Plains. 

The  Corps  of  Engineers  in  its  main  stem  reservoir  regulation  studies 
also  explored  this  issue.  Information  relating  to  the  hydropower  function 
of  the  main  stem  system  is  given  below. 
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Due  to  the  severe  effect  of  the  1930-1941  drought  period,  median  values  for 
capability  and  generation  are  significantly  greater  than  the  averages  given 
above  for  all  studies. 


Considering  the  four  alternative  futures  shown,  the  total  reduction  in 
hydropower  by  the  year  2000  (below  the  1970  level)  would  range  from  about 
8  percent  to  about  30  percent.  The  reduction  due  to  coal  development  ranges 
from  about  1.  8  percent  to  about  3.  7  percent. 

Using  an  average  annual  flow  above  Sioux  City  (adjusted  to  the  19  70 
level  of  development)  of  approximately  21.8  maf,  and  assuming  1  maf  of 
water  to  be  used  for  energy  development  by  the  year  2000,    a  reduction  in 


"B7    U.  S.    Army  Corps  of  Engineers,    ''Missouri  River  Main  Stem  Reservoir 
—      Regulation  Studies",    Series   12-75,    Omaha,    Nebraska,    February  1976. 
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average  annual  hydropower  from  this  depletion  would  be  about  4.  6  percent. 
This  should  be  contrasted  with  a  reduction  of  about  11.5  percent  in  hydro- 
power  generation  if  Bureau  of  Reclamation  projections  of  increased  irriga- 
tion depletions  between  1970  and  2000  of  about  2.5  maf  (Figure  3-1)  are 
realized.  Irrigation  is  still  the  major  water  depletion  in  the  Upper  Missouri 
River  Basin  and  measures  taken  to  reduce  or  more  efficiently  use  water  in 
that  sector  could  have  significant  impact  on  hydroelectric  generating  capa- 
bilities. 

D.     Irrigated  Agriculture 

Irrigation  is    the    largest    single  use   of  water   in  the  Missouri  River 
Basin.    Year  2000  estimates  of  depletions  by  irrigated  agriculture  range  from 
about  14  maf  per  year  to  approximately  23  maf  per  year  (U.S.  D.I.   Missouri 
River  Basin  Planning  Office).      The   percentage   of  total  depletions  is  in  the 
range  of  70  to  80  percent  depending  upon  the  estimate  used. 

Because  of  the  large  quantities  of  water  used  by  agriculture  it  is  im- 
portant to  carefully  evaluate  the  potential  for  practices  which  can  reduce  the 
quantity  of  water  required  for  a  given  level  of  output.  The  potential  for 
water  conservation  in  the  Missouri  River  Basin  appears  to  be  significant. 
It  should  be  understood,  however,  that  water  conservation  and  reuse  prac- 
tices do  not  increase  the  natural  water  supply  of  a  basin  such  as  would 
occur  through  weather  modification  but  such  practices  can  increase  benefi- 
cial use  of  the  base  supply.  Water  yield  increase  from  watershed  vegetative 
management  practices  is  a  reallocation  of  water  from  onsite  use  to  down- 
stream use.  More  efficient  use  of  water  in  the  irrigation  process  reduces 
associated  losses  to  evaporation,  deep  percolation,  and  noncrop  consumptive 
uses  and  these  savings  are  available  for  other  uses. 
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The  fact  that  more  emphasis  should  be  placed  on  implementation  of 
new  and  emerging  irrigation  technology  as  a  means  to  reduce  water  require- 
ments is  supported  by  the  following  studies.  In  1973,  the  Bureau  of  Re- 
clamation   found  that  by   converting    from  a  gravity   system    to  a  sprinkler 

irrigation  system  for  the  Navajo  Indian  Irrigation  Project  could  effect  water 

7/ 
savings  of  about  9   percent.       A  similar  study  (1974)  by  GAO  of  the  Garrison 

Diversion  Project  in  North  Dakota  indicated  potential  reductions  in  diver- 

sion  requirements  of  about  23   percent.        In  their  study  the  GAO  concluded 

the  following: 

"Although  the  bureau  has  not  completed  its  studies,  preliminar  indica- 
tions are  that  canal  seepage,  operational  wastes,  and  the  annual  average 
diversion  requirement  would  be  substantially  reduced  under  revised  plans 
to  (1)  increase  the  use  of  canal  linings  and  pipe  and  (2)  switch  from  a  gravity 
to  a  sprinkler  irrigation  system.  Although  estimated  canal  seepage  and 
operational  wastes  were  within  the  Bureau's  allowable  limits  (15  to  40  per- 
cent and  5  to  35  percent,  respectively)  under  both  plans,  the  revised  plan 
emphasizes  the  most  economical  means  of  conserving  water.  Canal  seepage 
and  operational  wastes  are  reduced  from  23.4  and  10  percent,  respectively, 
under  the  authorized  plan  to  8.6  and  5  percent,  respectively,  under  the 
revised  plan.  " 

"in  total,  we  estimated,  and  the  Bureau  agreed,  that  under  the  revised 
plan,  the  average  annual  diversion  requirement  (871,000   acre-feet  of  water) 


"77  U.  S.  Dept.  of  Interior.  Bureau  of  Reclamation.  Navajo  Indian  Irriga- 
tion  Project-New  Mexico-All  Sprinkler  Irrigation  System.  Washington, 
D.  C.,    1973,   p.   2. 

8_/  Comptroller  General  of  the  United  States,  "Congress  Needs  More  In- 
formation on  Plains  for  Constructing  the  Garrison  Diversion  Unit  In 
North  Dakota",   Nov.   25,    1974. 
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could  be  reduced  by  200,000  acre-feet  of  water  annually.  Bureau  officials 
said  that  such  a  reduction  could  give  the  Bureau  previously  unavailable  op- 
tions for  (1)  reducing  the  capacity  of  canals  and  other  construction  required 
to  deliver  project  waters  where  they  are  needed  or  (2)  using  the  water  sup- 
ply to  irrigate  more  land  or  generate  more  power  than  originally  anticipated.  " 

On  the  basis  of  studies  such  as  the  foregoing,  it  appears  that  a  po- 
tential for  reducing  irrigation  water  requirements  in  the  year  2000  by  at 
least  10  percent  is  feasible.  For  the  Missouri  River  Basin  this  could  mean 
a  reduction  in  use  of  about  1.4  to  2.  3  maf  annually  without  adverse  impact 
on  crop  yield  for  currently  projected  levels  of  irrigated  acreage.  A  re- 
duction of  even  1  maf  would  be  significant  (this  is  about  the  level  of  water 
use  projected  for  energy  development  from  the  main  stem  reservoirs)  and 
the  potential  for  achieving  this  suggests  that  planning  and  development  pro- 
cesses for  the  Missouri  River  Basin  should  incorporate  and  emphasize  e- 
valuation  of  conservation  practice  alternatives. 

E.     Instream  Flows 

Instreamflow  maintenance  is  intended  to  protect  the  aquatic,  biologic.  , 
benthic,  and  esthetic  values  of  a  stream  and  preserve  the  existing  fishery. 
While  the  concept  has  merit,  the  quantification  or  such  flows  is  extremely 
difficult  because  of  the  wide  variety  of  habitats  and  streamflow  conditions 
encountered  and  the  lack  of  research  and  data  related  to  this  issue.  There 
is  also  the  conflict  with  prior  filings  on  water  which  in  many  streams  are  al- 
ready greater  than  natural  flows  can  supply  in  dry  periods. 

The  Water  Resources  Council,  the  U.S.  D.I.  Water  for  Energy  Ma- 
nagement Team  and  the  Northern  Great  Plains  Resource  Program  Study  have 


78-913   O  -  77  -  18 
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all  addressed  this  issue.  In  developing  the  Plan  of  Study  for  the  1975 
National  Water  Assessment,  it  was  determined  that  a  quantification  of  in- 
stream  flow  requirements  should  be  made.  The  U.S.  Fish  and  Wildlife 
Service  was  assigned  this  task.  In  their  analyses  they  agreed  that  conser- 
vative estimates  would  be  most  practical  based  on  the  available  capability  for 
making  such  estimates.  It  was  understood  that  future  studies  might  reveal 
lesser  needs  than  those  identified  for  the  1975  assessment.  Accordingly, 
the  values  presented  in  Sections  IV  through  XI  should  be  interpreted  with 
this  qualification. 

Current  estimates  of  instream  flow  needs  are  crude  and  while  they 
provide  guidance  in  assessing  future  water  use  trends,  they  should  not  be 
used  for  definitive  planning  without  further  study.  The  important  point  to 
consider  is  that  these  flows  are  considerable  and  allocations  made  for  this 
purpose  could  create  serious  conflicts  with  other  proposals  for  consumptive 
uses. 

Montana  has  given  legal  standing  under  State  water  law  for  instream 
nonconsumptive  uses.  In  Montana  filings  can  and  are  being  made  on  in- 
stream flows  for  environmental  purposes.  The  relative  significance  of  in- 
tream  flow  reservations  can  be  seen  in  Figure  14-1  developed  by  the  Mon- 
tana Department  of  Natural  Resources  and  Conservation  for  the  Yellowstone 
River  Basin. 

Instream  flow  rates,  if  adopted  in  the  Missouri  River  Basin,  could 
have  a  significant  impact  on  streamflow  available  for  other  uses  or  for  di- 
version to  storage  sites.  In  general,  the  amount  of  water  available  for 
storage  or  for  new  use  will  be  reduced  by  about  30  to  60  percent  for  any 
one  selected  storage  volume   and  location  if  designated  instream  flow  rates 
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are  adhered  to.  The  impact   of  potential  instream  flow  reservations   on 

energy  development  and  expanded  irrigated  agriculture  in  the  Missouri  River 
Basin  can  be  very  substantial.  Considerable  attention  should  be  focused  on 
this  issue  and  the  appropriate  technical  expertise  called  upon  to  refine  and 
produce  reasonable  estimates  of  the  quantities  of  water  needed  for  this  pur- 
pose. 


137  U.  S.  Dept.  of  Interior,  Bureau  of  Reclamation,  Northern  Great  Plains 
Resources  Program,  Water  Work  Group  Report",  Washington,  D.  C. 
December  1974. 
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1  /  Possible  water  use  on  Indian  Reservations  is  not  shown  separately  since  development 
(irrigation  or  energy)  with  that  water  is  included  in  total  basin  projections. 

Figure  14-1    Flow  at  Sidney  with  Possible 

Future  Water  Requirements  by 
the  Year  20001' 
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F.      Indian  Claims 

1.     General  Background 

Historically,  State  law  has  accommodated  establishment  of  water 
rights  related  to  diversion  of  a  watercourse  for  beneficial  use.  The  cen- 
tral feature  of  this  appropriative  right  is  the  right  to  obtain  water  in  pe- 
riods of  reduced  supply  before  others  having  rights  established  later  in 
time  are  served.  First  in  time,  first  in  right  describes  the  process. 
Presently,    permits  are  issued  by  states  as  evidence  of  rights  and  on  the 

basis  that  unappropriated  waters  are  available. 

10/ 
Indian  water  rights  are  independent  of   the  State    law  system.      They 

arise  in  federal  law  and  generally  are  established  at  the  time  a  reservation 
is  created.  When  the  reservation  is  on  lands  aboriginally  owned  by  the 
indian  tribe,  the  water  rights  may  be  considered  to  exist  from  time  imme- 
morial. Ordinary  appropriated  waters  have  a  priority  in  time  dating  to  the 
time  of  first  use  or  from  the  date  of  a  permit  while  Indian  rights  have  a 
priority  in  time  dating  at  least  to  the  date  the  reservation  was  established. 
Indian  reservations  considered  to  have  aboriginal  water  rights  would  have 
first  priority  on  the  body  of  water  serving  their  supply. 

The  legal  basis  for  Indian  water  rights  was  established  by  the  U.S. 

W 

Supreme  Court  in  the  case  of   Winters  v.   United  States.  The  finding  of 

the  Court  was  that  the  Government,  in  creating  a  reservation,  intended  to 
reserve  waters  for  Indian  lands  so  that  they  could  be  put  to  use.  Arizona 
v.   California  decided  the  question  of  quantifying  Indian  water  rights  by  con- 

10/    National  Water_Commission.     Water  Policies  for  the  Future.     Washington, 
D.C.     U.S.   Got.   Print.   Off.,     1973. 

11/    Winters  v.   United  States,   207    U.S.    564(1908). 
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eluding  that  the  only  reasonable  way  to  measure  water  to  be  reserved  for 
the  reservation  was  by  way  of  acreage  of  irrigable  land.  Although  this  pre- 
mise serves  those  areas  engaged  in  farming  and  ranching,  it  is  likely  that 
Indian  reservations  created  for  other  types  of  occupations  may  have  water 
rights  measured  in  different  terms.  This  relates  to  the  statement  in  Win- 
ters which     imples  that     interpretation  of     agreements  with    Indian  Nations 

12/ 
should  support  the  purpose  of    the  agreement. 

The  competition  between  Indian  and  non-Indian  water  rights  poses  some 
extraordinary  problems.  Most  Indian  reservations  predate  extensive  water 
development  projects  in  the  western  U.S.  although  the  use  of  water  in  sig- 
nificant quantities  by  the  Indians  has  generally  developed  only  in  recent 
years.  In  many  water  critical  areas  of  the  west,  the  development  of  water 
projects  by  the  Indians  could  preempt  the  use  of  water  and  facilities  al- 
ready established  at  the  cost  of  billions  of  dollars.  The  resolution  of  such 
conflicts  will  be  difficult. 

In  its  June  1973  final  report,   the  National  Water  Commission  address- 
ed the  question  of  Indian  water  rights  and  made  several  recommendations. 

13/ 
In  view  of  the  importance  of  this  issue,  these  are  given  below: 

Recommendations  of  the  National  Water  Commission 

a.  "At  the  request  of  any  Indian  tribe  the  Secretary  of  the  Interior 
or  such  other  Federal  officer  as  the  Congress  may  designate 
should  conduct  studies  in  cooperation  with  the  Indian  tribe  of  the 
water  resources,  the  other  natural  resources,  and  the  human  re- 
sources available  to  its  Reservation.  An  object  of  the  studies 
should  be  to  define  and  quantify  Indian  water  rights  in  order  to 
develop     a  general  plan     for  the     use  of  these  in  conjunction  with 

12/    Winters  v.   United  States,   207  U.  S.    564(1908). 

13/    National  Water  Commission.     Water  Policies  for  the  Future.     Washing- 
ton,   D.  C.     U.S.   Govt.   Print  Off . ,   1973. 
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other  tribal  resources.  When  warranted  by  the  results  of  such 
studies,  litigation  should  be  instituted  by  the  United  States  in 
behalf  of  the  Indian  tribe  to  adjudicate  its  water  rights.  Congress 
should  appropriate  funds  to  support  the  studies  and  the  litigation.  " 

b.  "Prior  to  the  authorization  of  any  federally  assisted  non-Indian 
water  resource  project,  a  final  adjudication  should  be  made  of 
all  Indian  water  rights  which  when  exercised  could  substantially 
affect  the  water  supply  for  the  project.  " 

c.  "Existing  water  uses  on  Indian  Reservations,  whether  or  not  they 
have  yet  been  adjudicated,  should  be  quantified  and  recorded  in 
State  water  rights  records  for  the  purpose  of  providing  notice  of 
such  use.  All  adjudications  or  other  binding  determinations  of 
Indian  water  rights  whether  heretofore  or  hereafter  rendered  si- 
milarly should  be  recorded.  When  requested  to  do  so  by  a  tribe, 
the  Secretary  of  the  Interior  should  also  file  notice  of  the  exis- 
tence of  unquantified  Indian  water  rights  with  the  appropriate 
State  official.  " 

d.  "Jurisdiction  of  all  actions  affecting  Indian  water  rights  should 
be  in  the  U.  S.  District  Court  for  the  district  or  districts  in  which 
lie  the  Indian  Reservation  and  the  water  body  to  be  adjudicated. 
Indian  tribes  may  initiate  such  actions  and  the  United  States  and 
affected  Indian  tribes  may  be  jointed  as  parties  in  any  such  ac- 
tion. The  jurisdiction  of  the  Federal  district  court  in  such  ac- 
tions should  be  exclusive,  except  where  Article  III  of  the  Consti- 
tution grants  jurisdiction  to  the  U.S.  Supreme  Court.  In  such 
actions,  the  United  States  should  represent  the  Indian  tribes 
whose  water  rights  are  in  issue,  unless  the  tribe  itself  becomes 
a  party  to  the  action  and  requests  permission  to  represent  it- 
self. Any  State  in  which  the  Reservation  lies  and  any  State  having 
water  users  that  might  be  affected  by  an  Indian  water  rights  ad- 
judication may  initiate  an  adjudication  and  may  intervene  in  an 
adjudication  commenced  by  others,  including  adjudications  initia- 
ted by  the  United  States  and  by  Indian  tribes.  Upon  such  appea- 
rance by  the  State,  the  State  may  move  to  represent  its  non- 
Indian  water  users  patriae,  and  motion  should  be  granted  except 
as  to  non -Indian  water  users  as  to  whom  the  State  has  a  conflict 
of  interest.  " 

e.  "Congress  should  make  available  financial  assistance  to  Indian 
tribes  which  lack  funds  to  make  economic  use  of  their  water  to 
permit  them  to  make  economic  use  of  it.  In  addition,  Congress 
should  enact  legislation  providing  that  on  fully  appropriated 
streams  the  United  States,  shall  make  a  standing  offer  of  inde- 
finite duration  to  Indian  tribes  to  lease  for  periods  not  to  exceed 
50  years  any  water  or  water  rights  tendered  by  the  Indian  owners 
at  the  fair  market  value  of  the  interest  tendered.  " 
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f.  "Congress  should  enact  legislation  providing  that  whenever  the 
construction  and  operation  of  a  water  resource  project  on  an  In- 
dian Reservation  shall  take,  destroy,  or  impair  any  water  right 
valid  under  State  law  to  the  diversion,  storage,  or  use  of  water 
off  the  Reservation,  which  right  was  initiated  prior  to  the  date  of 
the  decision  in  Arizona  v.  California  (June  3,  963),  the  United 
States  shall  provide  a  substitute  water  supply  or  pay  just  com- 
pensation    to  the   owner  of  such  right;  provided,    however,    that: 

(1)  such  owner  shall  not  be  entitled  to  a  substitute  supply  or  to 
compensation  if,  prior  to  development  of  his  right  he  had  ac- 
tual notice  of  conflicting  Indian  water  rights  claims  that 
would  render  the  water  supply  inadequate  to  serve  the  diver- 
sion requirements  of    himself  and  the  Indian  Reservation,   and 

(2)  compensation  shall  not  include  values  created  by  subsidies 
granted  by  the  United  States  to  such  owner. 

The  cost  of  such  compensation  shall  be  recognized  as  a  prior 
national  obligation  and  shall  not  be  reimbursable  by  the  bene- 
ficiaries of    water  resources  projects  on  Indian  Reservations.  " 

2.     The  Situation  in  the  Missouri  River  Basin 

Resource  potentials  of  Indian  reservations  in  the  Upper  Missouri  River 
14/ 
basin  are  enormous.    "  Most  Indian  lands  are  underlain  with  large  reserves 

of  coal  and  other  valuable  minerals  and  many  possess  outstanding  recrea- 
tion features  and  contain  large  surface  areas  suitable  for  agricultural  de- 
velopment. ■ 

Preliminary   surveys  indicate  that  Indian  economic  development  re- 
quirements    for  water  may  involve  a  significant    portion  of  the  existing  an- 

15/ 
nual  flows  of  the  Missouri  River  and  its  tributaries. 


14/    U.  S.    Dept.    of  Interior,    Water  for  Energy  Management  Team,    "Re- 
port  on    Water    for    Energy   in    the    Northern  Great  Plains  Area  with 
Emphasis       on     the  Yellowstone  River  Basin, "     Washington,    D.  C. , 
January  1975. 

15/    ibid. 
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The  U.S.  D.I.     Water    for  Energy  Management  Team   commented  as 
follows  on  this  subject. 

"initial  estimates  based  on  studies  underway  in  the  States  of  Mon- 
tana and  Wyoming,  suggest  that  Indian  requirements  in  the  Yellowstone  sub- 
basin  and  the  Upper  Missouri  above  the  confluence  of  the  Yellowstone  River 
could  reach  an  annual  level  of  2.6  million  acre-feet  of  consumptive  use 
by  the  year  2020.  This  would  represent  about  45  percent  of  the  average 
annual  underdepleted  flow  of  the  rivers  at  the  North  Dakota -Montana  State 
line.  These  estimates  were  predicted  on  the  assumption  that,  ultimately, 
increasing  demands  for  goods  and  services  in  the  domestic  as  well  as  the 
world  markets  will  encourage  full  development  of  the  Indian  resource  base. 
The  increasing  demands  for  energy  coupled  with  pending  shortages  and 
the  Government's  reluctance  to  become  solely  dependent  on  foreign  sources 
has  stimulated  an  interest  in  mineral  exploration  on  Indian  lands  and  has 
spurred  the  demand  to  have  Indian  resources  developed  as  quickly  as  pos- 
sible. Another  factor  which  may  influence  further  irrigation  development 
on  the  reservations  is  the  current  world  food  and  fiber  situation.  World 
pressures  for  these  products  have  severely  narrowed  the  expansion  capa- 
bilities of  present  domestic  acreages.  As  a  viable  alternative  it  may  be 
necessary  to  bring  all  or  part  of  those  western  Indian  lands  which  are 
potentially  irrigable,  into  production  to  help  absorb  the  excess  demand 
that  is  likely  to  occur  in  the  not  too  distant  future.  Notwithstanding  the 
other  functional  needs  -domestic  consumption,  recreation,  fire  protection, 
fish  and  wildlife  needs,  other  industrial  uses,  etc.  -  there  are  enough  eco- 
nomic forces  at  work  today,  that  one  can  reasonably  visualize  total  de- 
velopment on  the  reservations  with  accompanying  increasing  needs  and  re- 
quirements for  waters.  " 
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Similar  development  damands  are  anticipated  in  other  Upper  Missouri 
River  Basin  States  but  the  scale  of  activity  which  might  occur  has  not  been 
evaluated  and  the  water  requirements  needed  to  support  potential  activi- 
ties are  unknown.  Without  this  information  it  is  extremely  difficult  to  di- 
mension water  uses  and  to  determine  the  impact  of  proposals  for  Indian 
water  use  on  other  projected  requirements  in  the  basin. 

The  tribes  are  concerned  that  water  used  for  energy  development 
will  adversely  affect  their  water  rights  and  lead  to  depletions  of  supplies 
critical  for  sustaining  future  economic  developments  on  their  reservations. 
They  are  looking  for  assurances  that  their  water  requirements  will  be  pro- 
perly accounted  for  in  all  planning  scenarios. 

Rational  water  planning  in  the  Missouri  River  Basin  is  dependent 
upon  quantification  of  all  existing  and  proposed  water  uses.  Because  the 
claims  to  water  by  the  Indians  are  substantial,  quantification  of  these  is 
urgently  needed  and  should  be  assigned  a  high  order  of  priority.  Current 
studies   of  future  water  uses  in  the  Missouri  River  Basin  have  addressed 

this  issue  to  greater  of  lesser  degrees  but  the  fact  remains  that  the  quan- 

16/ 
tities  involved  are  either  unknown  or  in  dispute.        Until  this  matter  is  re- 
solved,  estimates  of  future  streamflow  depletions  will  be  biased  according- 
ly (see  also  Section  XIII). 

G.     Weather  Modification 

Precipitation  management  technology  has  been  developing  rapidly  in 
recent  years.      It  is   well  documented  that  precipitation  augmentation  is  a 

16/  U.S.  Dept.  of  Interior,  Water  for  Energy  Management  Team,  "Report 
on  Water  for  Energy  in  the  Northern  Great  Plains  Area  with  Em- 
phasis on  the  Yellowstone  River  Basin,  "  Washington,  D.  C. ,  January 
1975. 
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feasible   approach  to  increasing  water  supplies  and     there  is     a  favorable 

17/ 
outlook  for   results   in    the  Fort  Union-Powder  River  Basin  Coal  Region. 

Studies  sponsored  by  the  Bureau  of  Reclamation  in  1973  of  the  poten- 
tial increase  in  water  supply  from  operational  weather  modification  in  the 
Upper  Missouri  River  basin  indicate  that  seeding  winter  orographic  storms 
in  headwater  areas  could  provide  as  much  as  1.8  million  acre-feet  of  new 
water  annually  to  the  Missouri  River  Basin.  In  the  Yellowstone  subbasin, 
the  estimated  potential  is  536,000  acre-feet  per  year.  Table  14-2  sum- 
marizes results  of  the  study.  These  estimates  are  based  on  an  assumed 
October  through  April  cloud  seeding  period.  If  seeding  were  extended 
through  May  and  early  June,  a  further  increment  of  20  to  2  5  percent  could 
become  available  provided  that  May -June  precipitation  is  increased  in  pro- 
portion   to    October -April    precipitation.      The   cost   of  providing  this  new 

18/ 
water  is  estimated  to  be  $2.  50  per  acre-foot. 

The  potential  benefits  from  increased  precipitation  are  significant  and 
suggest  that  further  study  of  the  sociological,    legal,  and  environmental  im- 
plications  of    weather  modification  is  needed    and  should  be   accelerated. 
An  increase  in  water  supply  on  the  order  of  1.  8   maf  annually  would  offset 
projected    water    depletions    from  energy  resource  development  and  ease 
the  burden  on  expanded  irrigation. 

17/  U.S.  Dept.  of  Interior,  Water  for  Energy  Management  Team,  "Report 
on  Water  for  Energy  in  the  Northern  Great  Plains  Area  with  Em- 
phasis on  the  Yellowstone  River  Basin,  "Washington,  D.  C.  ,  January 
1975. 

U.S.   Dept.    of  Interior.     Bureau  of  Reclamation,  Northern  Great  Plains 
Resources  Program,    Water  WorkGroup  Report",  Washington,   D.C. 
December  1974. 

18/  U.S.  Dept.  of  Interior,  Water  for  Energy  Management  Team,  "Re- 
port on  Water  for  Energy  in  the  Northern  Great  Plains  Area  with  Em- 
phasis on  the  Yellowstone  River  Basin,  "Washington,  D.  C.  ,  January 
1975. 
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Table  14  -2 

Potential  Additional  Water  to  the  Upper  Missouri  Basin 
by  Weather  Modification 


UPPER  MISSOURI  TRIBUTARIES 

Milk  River  at  Milk 
River,  Alberta 

Marias  River  near 
Shelby 

Teton  River  near 
Dalton 

Sun  River  near 
Vaughn 

Missouri  River  at 
Canyon  Ferry  Res. 


Weather  Modification 
Drainage  Avg.   annual  Area       Incremental 

area runoff affected       runoff 

Sq    mi  1,000  acre-ft  Sq  mi       1,  000  acre -ft 


1,036 

278 

157 

6 

3,242 

728 

491 

74 

1,308 

118 

212 

22 

1,854 

579 

736 

85 

15,904 

3,663 

9,973 

767 

Subtotal 

954 

YELLOWSTONE 

Yellowstone  River 
at  Billings 

Wind  River  at 
Boysen  Res. 

Greybull  River  at 
Meeteetse 

Shoshone  River  at 
Buffalo  Bill  Res. 


Other 

Total  Upper  Missouri  (above  Sioux  City,   Iowa) 


11,795 

5,  311 

5,161 

536 

7,701 

997 

1,964 

126 

681 

237 

512 

46 

1,538 

797 

1,501 

126 

Subtotal 

834 
49 

ity,   Iowa) 

1,837 

Source  of  Data:      Twelve   Basin  Investigation,    prepared  for  USBR  by  North 

American  Weather  Consultants,   Vol.   2,   December  31,    1973. 
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List  of  Groundwater  Studies  in  the  Missouri 
River  Basin  by  State 


Appendix  I 


List  of  groundwater  studies  of  specified  areas  in  the 
Missouri  River  Basin,   by  State: 


Montana 


1.  Bighorn  Valley,  Lower  --USGS  W-S  Paper  1876,    1968,   by  L.J.  Hamilton 
andQ.F.   Paulson. 

2.  Eastern  Montana,   Cedar  Creek  Anticline  --  Mont.   Bur.   Mines  and  Geol. 
Mem.   40,    1965,   by  O.  J.   Taylor. 

3.  Ft.    Belknap  Indian  Reservation      --   USGS  Water-Supply  Paper  1576-F, 
1965,   byD.C.  Alverson. 

4.  Gallatin  Valley  --   USGS  W-S  Paper   1482,    1960,   by  O.  M.   Hackett,   et  al. 

5.  Galcier  and  Toole   Counties,    Cut   Bank  Area   --   Mont.    Bur.    Mines  and 
Geol.   Bull.   60,   1967,   byE.A.   Zimmerman. 

6.  Judith  River  Basin,    Eastern  Part    --  Mont.   Bur.   Mines  and  Geol.   Bull. 
87,    1973,   by  R.  D.   Feltis. 

7.  Judith  Basin,     Western  and  Southern    Parts    --    Mont.     Bur.    Mines   and 
Geol.   Bull.    50-A,    1966,   byE.A.   Zimmerman. 

8.  North-Central,     Judith  River    Formation   --   USGS  Hydrol.    Invest.    HA- 
308,   1968,   by  W.R.   Osterkamp  . 

9.  Powder    River    Basin,     Northern   --    Mont.    Bur.    Mines  and  Geol.    Bull. 
66,   1968,  by  O.J.   Taylor. 

10.  Powder  River  Basin  --   (See  Wyoming,    Powder  River  Basin  reports,   by 
Konikow  and  by  Swenson  et  al. ). 

11.  Williston  Basin  --  (See  North  Dakota,  Williston  Basin). 


Wyoming 

1.  Arikaree    Aquifer,     Dwyer    Area,     Southeast    --   USGS  Open  File  Water 
Resources  Inv.    8-76,   1976,   by  G.  C.   Lines. 

2.  Bighorn  Basin  --   USGS  Hydrol.    Invest.    Atlas  HA-512,    1975,    by  M.  E. 
Lowry,   et  al. 

3.  Laramie  County    --   USGS  W-S  Paper   1140,    1953,    by  J.  R.    Rapp,   et  al. 


4.  Laramie  and  Albany  Counties  --  USGS  W-S  Paper  1367,  1956,  p.  14-15, 
by  H.  M.   Babcock  and  L.J.   Bjorklund. 

5.  Laramie,  Shirley,  and  Hanna  Basins  --  USGS  Hydrol.  Invest.  Atlas  HA- 
471,    1973,   by  M.  E.    Lowry,    et  al. 

6.  Powder  River  Basin  --  USGS  Hydrol.  Atlas  HA-465,  1973,  by  W.  G. 
Hodson,   et  al. 

7.  Powder    River  Basin    --   USGS  Open  File,    Water  Resources  Inv.    63-75; 
1976 ,   by  L.  F.  Konikow . 

8.  Powder  River  Basin  --  USGS  Misc.  Invest.  Map  I-847-C,  1976,  by 
F.A.   Swenson,   et  al. 

9.  Wind  River  Basin  --  USGS  Hydrol.  Atlas  HA-270,  1968,  byH.A.  Whit- 
comb  and  M.  E.    Lowry . 

Colorado 

1.  Arkansas  River  Valley  Stream-Aquifer  System  --  Groundwater,  vol.  12, 
no.   1,    1974,   p.   22-38,   by  O.  J.   Taylor  and  R.  R.   Luckey. 

2.  High  Plains,  Northern  --Colo.  Water  Resources  Circ.  19,  1973,  by  R.  R. 
Luckey  and  W.  E.   Hofstra. 

3.  Ogallala  Aquifer  --  Colo.  Water  Resources  Circ.  34,  [In  Press],  by 
G.  Kapple,   et  al. 

4.  Ogallala  Aquifer  --  Colo.  Water  Resources  Cir.  24,  1974,  by  R.  R. 
Luckey  and  W.  E.   Hofstra. 

5.  Ogallala  Formation  --  The  Ogallala  Aquifer,  a  Symposium:  Texas  Tech. 
Univ. ,  Spec.  Rept.  39,  1970,  p.  154-164,  by  C.T.  Jenkins  and  W.  E. 
Hofstra. 

6.  South  Platte  River  Valley  --  Colo.  Water  Conserv.  Ed.  Circ.  28,  1975, 
by  R.  T.   Hurr,    et  al. 

7.  Weld  County  --  (See  Wyoming,   Laramie  and  Albany  Counties) 


North  Dakota 

1.  Powder  River  Basin  --  (See  Wyoming,   Powder  River  Basin,   by  Konikow). 

2.  Williston  Basin  -  USGS  Rept.   TEI-809,   1962,   by  C.A.   Sandberg. 


South  Dakota 

1.  Dakota  Formation  --  S.D.    Geol.    Surv.    Rept.    Inv.    104,    1971,   by  R.  A. 
Schoon. 

2.  Powder  River  Basin  --  (See  Wyoming,   Powder  River  Basin,  by  Konikow). 

3.  Williston  Basin  --  (See  North  Dakota,  Williston  Basin). 

Nebraska 


1.  Powder  River  Basin  --  (See  Wyoming,  Powder  River  Basin,  by  Koni- 
kow). 

2.  Sand  Hills    --   Univ.    Nebr.    Cons,   and  Survey  Div. ,   Resource  Rept.    4, 
1971,   by  C.  F.   Keech  and  Ray  Bentall. 

3.  Upper  Big  Blue  River  Basin  --  Univ.  Nebr.  Inst.  Agric.  and  Nat.  Re- 
sources  Cons,  an  Survey  Div.  Resource,  Rept.  No.  6,  1974,  by  P.  W. 
Huntoon. 


Missouri 


1.  Springs       --    Mo.     Geol.     Surv.    and  Water  Resources,    W.    Res.    Rept. 
No.   29,    1974,   by  J.  D.   Vineyard  and  G.  L.   Feder. 

2.  Whole    State    --    Mo.     Geol.     Surv.    and  Water  Resources,    Groundwater 
Maps,    196  3. 


Canada 

1.  Alberta,  Lethbridge-Fernie  Area  --Alberta    Research  Council  Rept.   74- 
1,    19  74,   by  O.   Tokarsky. 

2.  Southern     Alberta,    Milk  River  Sandstone    --  Alberta  Research  Council 
Mem.   2,    1960,   by  Peter  Meyboom. 

3.  Saskatchewan,    Willow  Bunch  Area   --   Sask.    Res.    Council,    Geol.    Div. 
Map  No.    20,   1974,   byS.H.   Whitaker. 

4.  Saskatchewan,     Wood  Mt.     Area.    --    Sask.     Res.     Council,     Geol.     Div. 
Map  No.   5,    1967,   byS.H.   Whitaker. 


APPENDIX  II 


ADEQUACY  OF  DATA  ON  GROUNDWATER  IN 
THE  MISSOURI  RIVER  BASIN 


Adequacy  of  Data  on  Groundwater  Aquifers  in  the  Missouri  River  Basin 


(1)    Sand  and  Gravel  Alluvium 


(2)    Glacial  Aquifers 


(3)    Alluvial  and  Dune- 
Sand  Aquifers 


(4)    Basin-Fill  Aquifers 


Data  on  areal  extent  and  saturated  thickness 
poorly  known  in  many  areas;  more  water- 
table  maps  and  gain-and-loss     studies  in 
streams  are  needed. 

Although  several  States  have  drilling  pro- 
grams to    define   such  aquifers,    more   ex- 
tensive and   orderly  exploration  is  needed 
in  many  areas. 

References;  Winter,  T.G.,  "Delineation 
of  Buried  Glacial-Drift  Aquifers":  U.S. 
Geol.  -Survey,  Jour.  Research,  v.  3,  no. 
2,  1975,  p.   137-148. 

The  extensive  aquifer  in  south- central  Ne- 
braska and  part  of  northeastern  Kansas 
has  been  thoroughly  studied,  and  detailed 
models  have  been  constructed  and  tested. 
Unfortunately,  several  other  areas  of  si- 
milar water-bearing  deposits  have  not 
been  studied. 

References:      (a)  Emery,    F.A. ,    "Use   of 
Analog  Model  to  Predict  Streamflow  Deple- 
tion,  Big  and  Little  Blue  River  Basin,   Ne- 
braska" Groundwater,  v.  4,  no.  4,    1966, 
p.    13-19. 

(b)    Huntoon,  R.W.,    Predicted  Water- Level 
Declines   for  Alternative  Groundwater   De- 
velopments  in    the  Upper  Big   Blue  River 
Basin,   Nebraska:      Nebr.   Cons.   &  Survey 
Div. ,    Inst,  of  Agricl    &  Nat.      Resources, 
Univ.  Nebr.  -Lincoln.  Resource  Rept.  no. 

6,   1974,   105  p. 

Cc)  MRBC,  "Stream-Aquifer  Hydrology,  " 
Mo.  River  Basin  Commission  Tech  Paper, 
Nebraska  Level  B  Study,   1975"^ 

The  excellent  analysis  of  the  Gallatin  Val- 
ley's aquifer  (Hackett  et  al,  1960)  shows 
the  kind  of  study  that  is  needed  in  these 
aquifers.  Unfortunately,  very  few  basin- 
fill  aquifers  have  received  this  kind  of  at- 
tention. 


Aquifer  Type 


Remarks 


Reference:    Hackett,    O.  M.   et  al,    "Geology 
and  Groundwater  Resources  of  the  Galla- 
tin Valley,     Gallatin      County,    Montana"; 
U.S.   Geol.      Survey,      W-S  Paper,    1482, 
1960,   282  p. 


(5)    Ogallala,  Arikaree, 
and  Brule  Aquifers 


Much  information  on  the  Ogallala  is  avail- 
able, especially  in  the  Texas  Panhandle 
area  where  a  water  district  has  been  cre- 
ated and  where  much  information  has 
been  gathered  because  of  the  special  at- 
tention given  to  this  depleting  asset, 
groundwater.  Nevertheless,  because  of 
its  great  extent  and  potential  value  else- 
where as  a  water-supply  source,  a  re- 
gional water -management  study  of  the 
Ogallala  aquifer,  covering  Colorado,  Kan- 
sas, Nebraska,  and  Wyoming  would  re- 
quire data  on  the  areal  distribution  of  the 
following:  (1)  specific  yield  of  the  aquifer, 
(2)  saturated  thickness  of  the  aquifer,  (3) 
depth  to  water,  (4)  artificial  recharge  ca- 
pacity, (5)  cost  of  pumping,  and  (6)  ex- 
pected crop  yields.  Such  information 
should  help  reduce  groundwater  mining, 
increase  the  beneficial  use  of  the  water 
supply,   and  thus  extend  the  aquifer's  life. 

Reference:  (a)  Luckey,  R.R.  and  W.  E. 
Hofstra,  "Digital  Model  of  the  Hydrologic 
System,  Northern  High  Plains  of  Colora- 
do": Colo.  Water  Resources  Circ.  19, 
1973,   25  p. 

(b)  Luckey  and  Hofstra,    "Digital  Model  of 
the  Ogallala  Aquifer   of  the   Northern  part 
of  the  Northern   High  Plains  of  Colorado": 
Colo.  Water    Resources    Circ.    22,    1974, 
2~2~p: 

(c)  Kapple,  G.W.  et  al,  "Digital  Ground- 
water Model  of  the  Ogallala  Aquifer  in 
Parts  of  Washington  and  Yuma  Counties, 
Northern  High  Plains  of  Colorado:  Colo. 
Water  Resources  Circ. ,     [In  Press]. 

The  Arikaree  aquifer  has  been  studied  a- 
long  the  Laramie  River  area  in  Wyoming, 
and  a  workable  mathematical  model  con- 
structed. (Lines  1976).  However,  ad- 
ditional water  table   maps,   more     aquifer 


Aquifer  Type 


Remarks 

testing,   and  further  gain-and  loss  studies  in 
streams  would  help  reduce  groundwater  min- 
ing there.      Similar  information  is  needed 
in  other  areas. 


(6)    Sandstone  Aquifers 
(a)  Basin  Structures 


Reference:  Lines,  G.  C. ,  "Digital  Model  to 
Predict  Effects  of  Pumping  from  Arikaree 
Aquifer  in  the  Dwyer  Area,  southeastern 
Wyoming,  "  U.S.  Geol.  Survey,  Water  Re- 
sources Invest.    8-76,   1976,    24  p. 


The  Virgelle  Sandstone  of  northwestern 
Montana  (and  the  equivalent  Milk  River 
Sandstone  of  southern  Alberta)  has  been 
studied  rather  thoroughly  in  parts  of  the 
area,  and  groundwater  mining  has  been 
detected.  This  aquifer  is  particularly  in- 
teresting because  there  is  a  groundwater 
divide  about  12  miles  South  of  the  Cana- 
dian Border.  Groundwater  moves  north- 
ward from  the  divide,  from  Montana  into 
Alberta;  thus,  this  ground  water  leaves 
the  Missouri  River  Basin  and  enters  the 
Saskatchewan  River  Basin. 

Reference:      Zimmerman,    E.A.,    "Water 
Resources  of  the  Cut  Bank  area,    Glacier 
and  Toole  Counties,   Montana";  Mont.   Bur. 
Mines  &  Geol.,     Bull.     60,     195T,     37    p. 


Additional  Sandstone  aquifers  other  than 
the  Milk  River  sandstone  occur  in  southern 
Alberta;  additional  potentiometric  maps 
and  aquifer  tests  are  needed,  to  provide 
information  on  the  flow  system  in  each  a- 
quifer,  and  to  investigate  the  possibility 
of  leakage  between  the  aquifers. 

References:      (a)  McLean,    J.R.,    "Strati- 
graphy of     the  Upper  Cretaceous     Judith 
River  Formation     in  the     Canadian  Great 
Plains :      Res.    Council  Sask. ,    Geol.   Div. 
Rept.    11,    1971,    96  p. 

(b)  Tokarsky,  O.  ,  Hydrogeology  of  the 
Lethbridge-Fernie  area,  Alberta:  Alberta 
Res.   Council  Rept.   74-1,   1974,   18  p. 

Similarly,  in  the  Judith  Basin  of  central 
Montana,  additional  potentiometric  maps, 
aquifer  tests,   and  water-quality  sampling 


Aquifer  Type 
(6)  (a)  Continued 


Remarks 

are  needed.     This  could  lead  to  the  compre- 
hensive conjunctive  use  of  groundwater  and 
surface  water.     The  Judith  River  Basin  is 
particularly   critical  because   it  lies  near 
the  headwaters  of  the   Missouri  River  and 
many  of  its  tributaries. 

References:  (a)  Zimmerman,  E.A.,  "Geo- 
logy and  Groundwater  Resources  of  Wes- 
tern and  Southern   parts   of  Judith  Basin, 
Montana":       Mont.     Bur.     Mines  &  Geol. 

Bull.  50-A,  1966,   33p. 

(b)    Feltis,  R.  D. ,    "Geology  and  Water  Re- 
sources of  Eastern  Part  of  the  Judith  Basin": 
Mont.   Bur.   Mines  &  Geol. ,  Bull.   87,   1973, 

The  Hogeland  Basin  of  north-central  Mon- 
tana and  southern  Saskatchewan  has  aqui- 
fers that  extend  beyond  the  normally  ac- 
cepted limit  of  the  basin.  There  are  four 
separate  sandstone  aquifers  in  Saskatche- 
wan and  five  in  Montana.  Additional  hy- 
drologic  information  is  needed,  especial- 
ly for  these  aquifers  that  are  continuous 
across  the  U.S.  Canadian  Border.  Poten- 
tiometric  maps  and  aquifer  testing  over 
extensive  areas  are  needed,  as  is  water- 
quality  sampling. 

References:  (a)  Osterkamp,  W.R.,  "Oc- 
currence of  Groundwater  in  the  Judith 
River  Formation  in  North-Central  Mon- 
tana:   U.  S.    Geol.    Survey  Hydrol.   Invest. 

Atlas  HA- 308,   19988. 

(b)  Alverson,  D.C.,  "Geology  and  Hydro- 
logy of  the  Ft.  Belknap  Indian  Reserva- 
tion Montana":  U.S.  Geol.  Survey,  W-S 
Paper  1576-F,    1965,    59  p. 


In  the  Crazy  Mountains  Basin  and  the  Bull 
Mountains  Basin  of  Montana,  numerous 
sandstones  are  present- -which  are  aquifers 
in  other  parts  of  the  Missouri  River  re- 
gion. Hydrologic  properties  of  the  basins 
are  poorly  known,  and  hydrologic  investi- 
gations are  needed  for  both  basins. 


Aquifer  Type  Remarks 

6  (a)  (Continued)  The  Bighorn  Basin  lies  mostly  in  Wyoming 

but  extends  slightly  into  Montana.  There 
are  seven  aquifers  in  Wyoming,  and  five 
in  Montana,  some  of  which  correlate  be- 
tween the  States.  Potentiometric  maps 
and  aquifer  testing  are  needed  for  each  a- 
quifer,  as  are  water -quality  data.  With- 
out this  information  it  will  be  difficult  to 
plan  for  conjunctive  use  of  surface  water 
and  ground  water  in  the  Clarks  Fork, 
Shoshone  River,  and  Bighorn  River  Ba- 
sin. 

The  Wind  River  Basin  of  Wyoming  has  five 
major  aquifers,  which  contain  large  vol- 
umes of  groundwater.  However,  addition- 
al data  on  the  hydrologic  properties  of  the 
aquifers  are  needed,  before  additional 
groundwater   can    be   developed  properly. 

References:     Whitcomb,    H.A.    and  M.  E. 
Lowry,   "Groundwater  Resources  and  Geo- 
logy of  the  Wind  River  Basin  Area,   Cen- 
tral Wyoming":      U.  S.    Geol.    Survey  Hy- 
drolo.     Invest.  Atlas  HA-270,    1968,    13  p. 

Groundwater  resources  of  the  Laramie, 
Shirley,  and  Hanna  Basins,  and  the  Sara- 
toga Valley  have  been  appraised,  showing 
a  total  of  15  aquifers.  However  potentio- 
metric maps,  aquifer  testing,  and  gain- 
and-loss  studies  along  streams  are  needed. 

Reference:      Lowry,   M.E.   et  al. ,   "Water 
Resources  of  the  Laramie,   Shirley,   Hanna 
Basins  and    Adjacent  Areas,    Southeastern 
Wyoming":      U.  S.    Geol.    Survey,   Hydrol. 
Invest.  Atlas  HA -4 71,    1973. 

The  Powder  River  Basin  contains  several 
sandstone  aquifers  that  extend  over  a  large 
part  of  northeastern  Wyoming  and  south- 
eastern Montana.  One  of  these,  the  Fox 
Hills  aquifer,  discharges  to  the  Yellow- 
stone River  and  the  Powder  River,  al- 
though the  groundwater  movement  is  very 
slow- -it  is  estimated  to  take  400,  000  years 
from  the  outcrop  of  the  Fox  Hills  in  the 
Black  Hills,  to  reach  the  Yellowstone  Ri- 
ver. In  northern  Wyoming  the  water  in 
the  Fox  Hills  moves  northward  into  Mon- 
tana.    More   aquifer  testing  and  potentio- 


Aquifer  Type 
6  (a)  (Continued) 


Remarks 

metric  maps  are  needed  for  the  Fox  Hills 
and  overlying  sandstone  beds.  A  hydro- 
logic  model  of  the  Powder  River  Basin 
would  help  indicate  ways  of  developing 
the  groundwater  resources. 

Reference:  Taylor,  O.  J.,  "Groundwater 
Resources  of  the  Northern  Powder  River 
Valley,  Southeastern  Montana":  Mont. 
Bur.   Mines  &  Geol.,    Bull.    66,    1968,    34  p. 

The  Williston  Basin    of  western  North  Da- 
kota and  adjacent   parts   of  South  Dakota, 
Montana,    and  Saskatchewan,    has  two  ma- 
jor sandstone  formations  -  the  Fort  Union 
Formation  and  the   Fox  Hills  -  Basal  Hell- 
Creek    sandstones   which    contain   several 
aquifers.   Apparently,   the  water  moving  in 
the  aquifer   passes  to  the  north  or  north- 
east leaving  the  Missouri  River  Basin  and 
discharging  into  the  Sour  is -Red-Rainy  Ri- 
ver Basin  of   north-central  North  Dakota 
and  possibly   Saskatchewan  and  Manitoba. 
A    mathematical  model  covering  an  exten- 
sive area  is  needed  in  order  to  evaluate  the 
Fox  Hells-Basal  Hell  Creek  aquifer. 

Reference:    Taylor,   1968,   op.   cit. 

The  Ravenscrag,  Frenchman,  Whitemud, 
and  Eastend  aquifers  of  the  Saskatchewan 
part  of  the  Williston  Basin  are  probably 
equivalent  to  the  Ft.  Union  and  Fox  Hills- 
basal  Hill  Creek  aquifers,  just  described. 
Extensive  dewatering  of  the  Ravenscrag 
aquifer  for  coal  mining  in  southern  Sas- 
katchewan may  affect  water  levels  in  these 
aquifers  in  northern  Montana. 

The  Denver  Structural  Basin,   which  lies  in 
northeastern  Colorado,  extends  under  parts 
of  the  Missouri  River  Basin  and  the  Arkan- 
sas River  Basin.    Four  sandstone  aquifers 
have  been  identified,    but  the  general  pat- 
tern of   natural    recharge  to  the   aquifers 
and  discharge  therefrom  is  unknown.     Long- 
term  records  do  indicate  a  decline  in  water 
levels  in  wells  completed  in  these  aquifers 
of  the  Denver  Basin.    The  lack  of  hydrolo- 
gic  data  and  interpretive  hydrologic  studies 
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6  (a)  (Continued) 


limits  the  design  of  water-management 
plans.  Potentiometric  maps  and  aquifer 
testing  are  needed,  as  is  information  on 
recharge,  movement  and  discharge  for 
each  aquifer.  In  addition,  data  that  des- 
cribe the  hydrologic  properties  of  the  con- 
fining layers  between  the  aquifers  are 
needed,  to  analyze  possible  flow  from  one 
aquifer  to  another.  A  hydrologic  model 
of  the  aquifer  system  could  lead  to  better 
utilization  of  existing  groundwater  re- 
sources. 


(b)    Widespread  Sandstones 


The  Dakota,   Inyan  Kara,   Sundance,   Minne- 
lusa,   and  Deadwood  aquifers  are  important 
locally  and  might  be  even  more  important 
if    further  information  were  available.   Di- 
rection of    groundwater  movement  in  the 
Dakota  Sandstone  is  not  well  known,    be- 
cause of  the  lack  of  potentiometric  maps; 
however,    one  such  map  prepared  from  a- 
vailable  data  indicates  that  in  southwestern 
Kansas  the   Dakota  aquifer's  water  moves 
out  of  the  Arkansas- -White -Red  River  Ba- 
sin into  the  Missouri  River  Basin.     Simi- 
larly,  in  South  Dakota  the  groundwater  in 
the  Dakota   aquifer  moves    to  the   east   and 
northeast  and    thus  partly  into  the  Souris-- 
Red-Rainy    River  Basin   of  eastern  North 
Dakota,    and    into    the    Upper  Mississippi 
River  Basin  of  Minnesota.        Natural  re- 
charge,  movement,   and  natural  discharge 
for  the  Dakota  are  not  well  understood  in 
the    Williston  Basin.     The  Dakota  may  be 
hydraulically  connected    with  other  aqui- 
fers whose  supply  is  also  being  depleted 
by  uncontrolled  discharges  from  wells  com- 
pleted in  the  Dakota.     Thus  a  detailed  po- 
tentiometric     map  and  additional    aquifer 
tests  are  needed  for  the  Dakota  aquifer. 
A  mathematical  model  of  the  aquifer  would 
help  define  areas  of  natural  recharge  and 
would  provide  information     necessary  to 
extend  the  water  supply. 

The  Jordan  aquifer  is  the  most  productive 
dolomite  and  sandstone  aquifer  in  the  Iowa 
part  of  the    Missouri    River   Basin.      Re- 
charge,  movement,   and  discharge  for  the 
Jordan  are  poorly  known. 
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(7)    Limestone  and  Dolomite 
Aquifers 


The  Madison  limestone  is  an  extensive 
aquifer  that  occurs  in  parts  of  Montana, 
Wyoming,  North  and  South  Dakota,  Ne- 
braska, and  Colorado  in  the  U.S.  ,  and  in 
Alberta  and  Saskatchewan  in  Canada. 
Groundwater  movement  is  generally  to  the 
north  and  northeast  in  northern  Wyoming 
and  Montana,  and  to  the  east  in  the  Da- 
kotas.  A  preliminary  model  of  the  Ma- 
dison in  the  Powder  River  Basin  and  ad- 
jacent areas  has  been  prepared,  to  pre- 
dict declines  in  water  levels  in  the  aqui- 
fers caused  by  proposed  withdrawals  of 
water  for  use  in  a  coal-slurry  pipeline. 
(The  large  declines  predicted- -300  to  600 
feet --may  be  less  if  a  significant  amount 
of  leakage  occurs  to  the  Madison  from 
other  aquifers).  More  hydrologic  data 
are  needed  including  potentiometric  map- 
ping and  aquifer  testing,  inventory  and  dis- 
charge measurements  of  springs,  and  i- 
dentification  of  aquifers  that  are  hydrau- 
lically  connected  to  the  Madison  together 
with  measurements  of  water  levels  in  ob- 
servation wells  in  them. 


References:      (a)     Swenson  et  al,   "Water 
in  the  Madison   Group,   Powder  River  Ba- 
sin, Wyoming  and  Montana":      U.  S.   Geol. 
Survey,    Misc.    Invest.   Map,   I-847-C,    [In 
Press]. 

(b)    Konikow,    L.F.,    "Preliminary  Digital 
Model  of  Groundwater  Flow  in  the  Madison 
Group,   Powder  River  Basin  and  Adjacent 
Areas  .  .  .  "U.S.    Geol.    Surey,    Water-Re- 
sources Invest.    63-75,    1976,   44  p. 


Limestone  and  dolomite  aquifers  of  Permian 
and  Pennsylvanian  age  occur  in  Nebraska 
and  Kansas,  and  similar  aquifers  of  Penn- 
sylvanian age  occur  in  Iowa  and  Missouri. 
Zones  in  the  limestone  aquifers,  which 
transmit  and  store  water  readily  are  dif- 
ficult to  locate  because  they  are  random  in 
occurrence.  Thus  a  statistical  compila- 
tion of  data  on  well  logs,  aquifer  perfor- 
mance,  and  water  quality  is  needed. 
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Remarks 

The    Lower  Paleozoic  lime  stone -dolomite 
aquifer    (Bighorn  Red  River,    and  White- 
wood  Formations)    underlies  the   Madison 
aquifer  in  eastern  Montana,  northeastern 
Wyoming,    and  the  Williston  Basin  of  the 
Dakotas.      Large   artesian  pressures   are 
reported  in  South  Dakota,    and  high  tem- 
perature     at  depths   of     several  thousand 
feet.     The   aquifer  may    furnish    water  to 
the   overlying     Madison     aquifer    through 
leakage,    particularly  if  large  amounts  of 
water  are  withdrawn    from    the  Madison. 
An  observation -well     network  is  needed, 
as  is  a  potentiometric  map- -for  recharge, 
movement,   and  discharge  of  water. 

The  lowest  Paleozoic  formations   (Roubi- 
doux,   Gasconade,    Eminence,    and  Potosi) 
of  south -central  Missouri  contain  dolomite 
aquifers  that  are  used  for  public  water  sup- 
plies in    the    Ozark  area  and  to  the  west 
where  they  are   overlain  by  younger  beds 
of  limestone  and   sandstone.      Most  of  the 
huge  springs  of  the  Ozarks  discharge  from 
these  dolomite  aquifers.     Improved  defini- 
tion of  the  vertical  and  horizontal  flow  sys- 
tem is  needed,   as  are  potentiometric  maps 
and  aquifer  testing.     Tracer  studies  would 
help  define  groundwater  movement,   time- 
in-transit,    and    mixing  of    waters.       The 
resulting  improved  understanding     of    the 
flow  system  is   also  needed  to  help  avoid 
potential  pollution  of  the  groundwater  sup- 
ply. 

Reference:  Missouri  Geological  Survey  and 
Water  Resources,  "Groundwater  Maps  of 
Missouri";  1963. 


APPENDIX  EI 


Water  Quality  in  Aquifers  in  the 
Missouri  River  Basin 


Water  Quality  in  Aquifers  in  the  Missouri  River  Basin  Region 


(1)    Sand  and  Gravel 


(2)    Glacial  Aquifers 


Valley -fill  groundwater  is  normally  less 
than  1000  mg/1  and  thus  suitable  for  most 
purposes,  except  for  large  concentrations 
of    iron  locally  along  the  Missouri  Valley. 

Water  quality  highly  variable,  ranging  in 
total  dissolved  solids  from  300  to  30,  000 
mg/1  (the  latter  is  approximately  the  con- 
centration of  sea  water). 


(3)  Alluvial  and  Dune- 

Sand  Aquifers 

(4)  Basin-Fill  Aquifers 


(5)  Ogallala,  Arikaree, 
and  Brule  Aquifers 

(6)  Sandstone  Aquifer 

(a)  Basin  structures 


Water  quality  excellent 


Water  quality  generally    good    (less    than 
100  mg/1). 

Water  quality  excellent  (200-600  mg/1) 


Water  quality  in  Virgelle  Sandstone  is 
variable,  reaching  a  maximum  of  2500 
mg/1.  Water  quality  in  Milk  River 
Sandstone  ranges  from  1000  to  4000 
mg/1. 

Water  quality       information       is     needed 
for  the      Judith     Basin,    Hogeland   Basin, 
Crazy  Mountains   Basin     and   Bull  Moun- 
tains Basin  of     Montana,    as   well  as  for 
the  Bighorn  Basin  of  Wyoming. 

Water  quality  in  the  Wind  River  Basin 
of  Wyoming  is  highly  variable,  with 
large  concentrations  of  dissolved  solids 
in  several  aquifers  so  that  water- -qua- 
lity mapping  is  needed. 

Water  quality  is  variable  in  the  Laramie, 
Shirley,   and  Hanna  Basins  and  the  Sarato- 
ga Valley   of  Montana,    but  it  is  generally 
suitable  for  most  purposes. 
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(b)    Widespread  Sandstone 


Remarks 

The  Powder  River  Basin's  aquifers  differ 
in  water  quality.  The  Fort  Union  aqui- 
fers (sandstone,  coal,  and  clinker  beds) 
are  generally  good,  with  500-1500  mg/1 
dissolved  solids.  The  Fox  Hills  aquifer 
normally  has  less  than  2000  mg/1.  The 
Mesaverde,  Frontier,  and  Inyan  Kara 
have  normally  less  than  3000  mg/1  dis- 
solved solids;  the  Sundance  water  ranges 
from  500  to  2000  mg/1,  but  the  Tensleep 
aquifer  contains  water  of  good  quality 
(200-500  mg/1). 

Aquifers  in  the  Williston  Basin  are  vari- 
able also.  The  Ft.  Union  is  usually  less 
than  2000  mg/1,  but  may  reach  levels  as 
great  as  7000  mg/1.  Additional  water 
quality  information  is  needed  therefrom. 
The  Fox  Hills -Basal  Hill  Creek  has  dis- 
solved solids  concentrations  of  1000- 
2000  mg/1. 

The  southern  Saskatchewan  sandstone  aqui- 
fers are  also  variable.  The  Ravenscrag 
ranges  from 260  to  3770  mg/1  in  dissolved 
solids,  and  the  combined  Frenchman- 
Whitemud-Eastend  aquifers  contain  560- 
5350  mg/1. 

The  Denver  Basin's  sandstone  aquifers 
range  from  170  to  3700  mg/1  in  dis- 
solved solids. 

The  Dakota  sandstone  of  Nebraska,  Iowa, 
and  Kansas  ranges  in  dissolved  solids 
from  300  to  30,  000  mg/1;  water  quality  is 
good  at  shallow  depths  where  the  aquifer 
is  exposed,  but  deteriorates  with  depth 
and  to  the  west,  with  huge  concentrations 
of  chloride  and  sulfate  reported  in  some 
areas.  Thus  additional  water  quality 
maps  are  needed.  The  Dakota  aquifer  in 
South  Dakota  changes  both  laterally  and 
vertically,  from  1700  to  8000  mg/1.  In 
North  Dakota  it  is  2  000-3000  mg/1  in  areas 
of  greatest  use  (where  it  contains  sodium, 
chloride,  and  sulfate),  and  has  as  much  as 
11,  000  mg/1  in  western  North  Dakota.  Wa- 
ter-quality mapping  would  help  define  the 
saline  zones  in  the  aquifer. 
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The  Inyan  Kara  and  Sundance  aquifers, 
which  directly  underlie  the  Dakota  Sand- 
stone in  South  Dakota,  have  variable  water 
quality  (less  than  1000  to  more  than  10,  - 
000  mg/1).  In  South  Dakota,  groundwater 
in  the  lower  sandstones  (Minnelusa  and 
Deadwood)  is  largely  untested  but  may  be 
saline;  additional  water  quality  sampling 
is  needed. 

The  Jordan  dolomite /sandstone    aquifer  of 
Iowa  contains      1500-2000   mg/1  dissolved 
solids,    which    is    better    than  that  in  the 
overlying  limestone  of  Mississippian  age. 


(7)    Limestone  and  Dolomite 
Aquifers 


Groundwater  in  the  extensive  Madison  aqui- 
fer   increases  in    temperature    with  depth 
from  about  50*  F  to  250°  F  (10°  C-121*  C). 
In  addition,    large   concentrations   of  dis- 
solved solids  are  associated  with  the  high- 
er temperatures.  The  water  quality  ranges 
from  a  good      300  mg/1  near   Lewistown, 
Montana,    to      a  totally    unusable  356,000 
mg/1  in  the  Williston  Basin  (ten  times  the 
concentration  of  sea  water). 

Limestone  and  dolomite  aquifers  of  Permian 
and  Pennsylvanian  age  in  Nebraska,  Kansas, 
Iowa,   and  Missouri,    have  variable  water 
quality.        In  Iowa   and  Missouri  the  dis- 
solved   solids   concentration  generally  in- 
creases with  depth.  In  Kansas  it  increases 
to  the  west,    and  in  a  few  places  high  con- 
centrations   of    sulfate,    chloride,    and    ni- 
trate have  been  detected. 

The  Bighorn,  Red  River,  and  Whitewood 
limestone  aquifer  of  Montana,  Wyoming, 
and  North  and  South  Dakota  attains  tem- 
peratures as  great  as  250*  F  (121°  C) 
at  great  depth  in  the  Williston  Basin.  Ad- 
ditional information  on  water  quality  is 
needed. 

The  Roubidoux  Gasconade,   Eminence,   and 
Potosi    limestone   aquifers      of  the  Ozark 
region  have  water  of  good  quality- -gene- 
rally less  than  350  mg/1. 
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